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LOW METHOXYL PECTINS, PROCESSES THEREOF, 
AND STABILIZED AQUEOUS SYSTEMS COMPRISING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATION 

The present application is a continuation-in-part application of U.S. Application No. 
09/589,888 filed June 9, 2000 the entire disclosure of which is expressly incorporated by reference 
herein. Further, the present application is related to U,S. Apphcation No. 09/589,887 filed June 
9, 2000, entitled "Deesterified Pectins, Processes for Producing Such Pectins, and Stabilized 
Acidic Liquid System Comprising the Same" the entire disclosure of which is expressly 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1> Field of the Tnventinn 

The present invention is directed to low methoxyl pectins that display pseudoplasticity and 
no phase separation in aqueous solution comprising at least one polyvalent cation, and processes 
for producing the same. In particular, the present invention is directed to low methoxyl pectms 
prepared firom non-calcium sensitive pectins. The present invention is also directed to processes 
for suspending particulates using low methoxyl pectins prepared fi-om pectins which are not 
sensitive to polyvalent cations such as calcium, and in particular using low methoxyl pectins 
prepared firom non-calcium sensitive pectms (NCSP). Furthermore, the present mvention relates 
to stabilizing particles in aqueous ^sterns containing low methoxyl pectins prepared fi^om non- 
calcium sensitive pectins. ^ 
2, Backgr ound of the Invention and Related Art 

The problem encountered with drinks containing insoluble components, such as pulps, 
clouds, msoluble particles, essential oils, and the like, is the tendency of the insoluble components 
to separate, e.g., via sedimentation or creaming. 

In order to maintain insoluble components in suspension, xanthan has been added to fiuity 
drinks to raise the viscosity or alter the rheology of the drink. Xanthan, when added to aqueous 
solutions even at low concentrations, also exhibits very strong pseudoplasticity and 
pseudoplasticity at low concentration without any evidence of thixotropy. However, xanthan 
results in negative organoleptic perception (undeshrable mouth-feel) m beverages. Thus, there 
is a need to provide a suspension aid that has the desired particle suspension properties of xanthan 
without the undesired moutii-feel. 
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Alginates and pectins have also been used in beverages in an attempt to suspend insoluble 
particles. Alginates and pectins, however, tend to undergo syneresis or phase separation during 
long term storage. Attempts have been made to use pectins as suspension aids with reduced 
syneresis properties. Pectins are complex polysaccharides having exposed reactive carboxylic 
5 acid moieties. More speciiBcally, pectins are composed primarily of D-galacturonic acid, 
interrupted with sugars such as L-rhamnose. The D-galacturonic acid subunits have reactive sites. 
In the presence of a polyvalent cation, such as calcium (Ca^^), the acid moieties or reactive sites 
of dissolved pectin form a bridge across the calcium with the acid moieties from other nearby 
pectin molecules, forming a gelatiaous mass. 
10 Pectin is available as either a low methoxyl pectin (LMP) or high methoxyl pectin (HMP). 

Low methoxyl pectin has a degree of esterification (DE) of less than about 50% and is highly 
reactive with cations. High methoxyl pectin has a DE of greater than about 50% and is less 
reactive with polyvalent cations such as calcium. 

The tenn Megree of esterification" is intended to mean the extent to which free carboxylic 
15 add groups contained in the polygalacturonic acid chain of the pectin have been esterxfied (e.g., 
by methylation) or in other ways rendered non-acidic (e.g., by amidation). 

The structure of the pectin, in particular the DE, dictates many of the resultant physical 
and/or chemical properties of the pectin. Pectin gelation also depends on the soluble-solids 
content, the pH and calcium ion concentration. With respect to the latter, it is believed that the 
20 calcium ions form complexes with free carboxyl groiips, particularly those on LMP. 

Pectin, as first extracted, has a relatively high degree of esterification of about 70-75%. 
Such pectin is ideal for use in jam and jellies. However, other uses require the preparation of 
pectins with drSerent setting characteristics. This can be accomplished by modifying pectin to 
reduce the degree of esterification. One common process for achieving this is an acid hydrolysis. 
25 Alternative processes are directed to the use of alkali at low temperatures, ammonia, or purified 
pectin esterase. 

Ditting deesterification, the ester groups on the pectin can be removed in a random or 
blockwise m^mer. When the ester groups are removed from any galacturonic acid residues 
chemically or when using very specific enzymes, deesterification can occur in a "random 
30 manner." When the ester groups are removed eitha: at non-reducing ends or next to free carboxyl 
groups by a single-chain mechanism, they are referred to as being deesterified in a "blockwise 
manner," as blocks of unesterified galacturonic acid units are created. ITie unesterified 
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galacturonic acid mrits formed by blockwise deesterificatioii are highly reactive to polyvalent 
cations. Pectins having such blocks are said to be "calcium sensitive." 

Pectins that have been reduced to low methoxyl pectins can gel in the presence of 
polyvalent cations. Calcium is the most common source of polyvalent cations for food gel 
5 appUcations. Gelation is due to the formations of intermolecular junction zones between 
homogalacturonic add units. Because of the electrostatic nature of the bonds, pectins gels are 
very sensitive to conditions which can modify the environment of the carboxyl groups through 
which the calcium ion is linked to a neighboring pectin molecule. The gel forxoing ability of 
pectin increases with decreasing DE, and low or high methoxyl pectins with blockwise 
10 distribution of free carboxyl groups are very seositive to low calcium levels. As the number and 
size of blocks along the pectin backbone increase, the sensitivity to calcium increases. However, 
a typical problem associated with the increasing sensitivity of a pectin to calcium is an increased 
tendency for the pectin to pre-gel and to display syneresis. 

Amidation also increases the gelling abihty of low methoxyl pectins. Amidated pectins 
15 require less calcium to gel and are less prone to precipitation at elevated calcium levels. Amide 
groups along Ihe pectin backbone associate through hydrogen bonding allowing gelation at lower 
calcium levels. 

Attempts have been made in the industry to use pectin as a suspending aid. For example, 
U.S. Patent No. 5,866,190 issued to Barey discloses compositions for stabilizing anon-milk drink 

20 containing insoluble components comprising a pectin and alginate. The pectin of Barey can be 
amidated or non-amidated HMPs and UvIPs. These compositions, however, display high levels 
of syneresis. It is also essential that the pectin/alginate mixture be dissolved in aqueous medium 
in the absence of free calcium ions or that a calcium complexing agent be used. The complexing 
agent is added either to the pectin/alginate solution or to the fruit juice. 

25 EP 0 664 300 Al, and U.S. Application Serial Nos. 08/161,635, now U.S. Patent No. 

6,143,346 and 08/890,983, now U.S. Patent No. 6,207,194 to Glahn disclose the use of pectin as 
a suspension aid in foodstuffs, personal hygienic devices, and in cosmetics. The pectin of Glahn, 
however, displays an increased tendency to form gels which show high levels of syneresis. 

The pectin of Glahn is HMP containing two fractions, a calcium sensitive pectin (CSP) 

30 and a non-calcium sensitive pectin (NSCP). *TSfon-calcium sensitive pectin" fraction refers to a 
fraction having a lower degree of calcium sensitivity. "Calcium sensitive pectin" fraction refers 
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to a fraction having a higher degree of calcimn sensitivity. "Calcium sensitivity" is intended to 
mean the ability of pectin to become viscons in solution by the addition of calcinm. 

Typically, commercial low methoxyl conventional (LMC) and low methoxyl amidated 
pectins are prepared from the unfractionated pectin (containing CSP andNCSP as disclosed in 
5 Glahn). Random deesterification by chemical methods and/or en2ymatic processes is typically 
nsed to prepare low methoxyl pectin &om an mifractionated pectin precursor. The resulting pectin 
is a mixture of low DE CSP with carboxyl blocks of increased size and number wrfli a low DE 
NCSP fraction with completely raadom carboxyl distribution. These pectins with larger and more 
numerous carboxyl blocks are more sensitive to calcium, and Hms display an increased tendency 
10 to form gels which show high levels of syneresis. 

In view of the above, there is an existing need for a pectin suspension aid that has shear 
thirniing behavior for use in aqueous food, cosmetic, and pharmaceutical products. 

There is also an existing need for a pectin to produce a stable aqueous system with shear 
thimiing behavior (pseudoplasticity) and acceptable mouth-feel for use as a particle suspending 
15 aid. A "stable aqueous system" refers to an aqueous system that can maintain stable viscosity at 
rest or imder controlled shear conditions. "Stable viscosity" or "stability" refers to the 
maintenance of the insoluble components in suspension and the homogeneity of the suspension 
initially formed. Rheologically this is often referred to as high, low shear viscosity or 
pseudoplasticity. Stability also means that the rheology of the aqueous system is stable for a time 
20 period of at least one to twelve months or longer. 

In addition, there is also an existing need for a pectin that does not imdergo syneresis iqpon 
storage or form a separate gel phase even in the presence of relatively high levels of calcium such 
as250mM. 

STIMMARY OF THE INVENTION 

25 In view of the foregoing, one aspect of the invention is directed to low methoxyl pectins 

that display pseudoplasticity and no phase separation in an aqueous solution comprising at least 
one polyvalent cation^ and are prepared from non-calcium sensitive pectins. The present invention 
is also directed to processes for producing low methojqrl pectins prepared from non-calcium 
sensitive pectins. 

30 The present invention also relates to processes for suspending insoluble components in an 

aqueous system using low methoxyl pectins that display pseudoplasticity and no phase separation. 
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The present invention is still further directed to stabilizing particles in aqueous systems containing 
low mefhoxyl pectins prepared fix)m non-calcium sensitive pectins. 

The low methoxyl pectin of the present invention preferably has a degree of esterification 
from about 20 to 50%, and more preferably jfrom about 24 to 40%. 
5 The molecular weight of the low methoxyl pectin of the present invention is preferably 

from about 60 to 150 kDalton, and more preferably from about 80 to 100 kDalton. At a 

shear rate of about 0.04s"^cPs, the low methoxyl pectin of the present invention preferably has a 
viscosity of at least about 300 cPs, and more preferably from about 800 to 1,200 cPs. 

At a shear rate of about 50s"^cPs, the viscosity of the low methoxyl pectin of the present 
10 invention is preferably from about 1 to 20 cPs, and more preferably from about 2 to 10 cPs. 

At a shear rate of about lOOs'^cPs, the low metiioxyl pectin of the present invention 
preferably has a viscosity from about 1 to 1 5 cPs, and more preferably from about 2 to 7 cPs. 

The low methoxyl pectin of the present invention can be a powder form or an aqueous 
form having a pH from about 2 to 6 . 
15 The degree of amidation of the low metiioxyl pectin of the present invention is preferably 

from about 1 to 30%, and more preferably from about 4 to 21%, 

The degree of esterification of the low mefhoxyl pectin 6f the present invention is 
preferably from about 30 to 55%, and more preferably from about 40 to 52%. 

As discussed above, the present invention is directed to a process for preparing a low 
20 mefhoxyl pectin displaying pseudoplasticity and substantially no phase separation in an aqueous 
solution comprising at least one polyvalent cation which comprises treating a pectin starting 
material having a degree of esterification of greater than about 60% to obtain at least a non- 
calcium sensitive pectin fraction. 

The process ofthepr^ent invention is prepared by (a) treating a pectin starting material 
25 having a degree of esterification of greater than about 60% with a cation-containing preparation 
to obtain at least a non-calcium sensitive pectin fraction and a calcium sensitive pectin fraction; 
(b) separating the non-calciimi sensitive pectin fraction from the calcium sensitive pectin fraction; 
and (c) deesterrfying or deesterifying and amidating the non-calcium sensitive pectin fraction to 
obtain the low methoxyl pectin. 
30 Alternatively, the non-calcium sensitive pectm is prepared by (a) treating a pectin startmg 

material having a degree of esterification of greater than about 60% with an en2yme to obtain the 



5 



BNSDOCIDkWO 0196404A2 I > 



wo 01/96404 PCT/USOl/18551 
non-calcium sensitive pectin fiaction; or (b) reesterifying the calcium sensitive pectin fiBction to 
obtain the non-calcium sensitive pectin fraction. 

The pectin starting material has a degree of esterification which is at least about 60%, and 
more preferably at least about 70%. 
5 The pectin starting material is obtained from at least one of citrus peels, apple juices, apple 

ciders, apple pomace, sugar beets, sunflower heads, vegetables or waste products from plants 
selected from at least one of apples, sugar beet, sunflower and citrus fruits, and more preferably 
from at least one of limes, lemons, grapefruits, and oranges. 

The process of the present invention is prepared by deesterifying or deesterifying and 
10 amidating a non-calcium sensitive pectin to obtain the low methoxyl pectin. 

The non-calcium sensitive pectin is deesterified with an acid in a random fashion to obtain 
the low methoxyl pectin. The acid is at least one of nitric, hydrochloric, and sulfuric. The degree 
esterification of the low metho:?Q^l pectin is from about 20 to 55%, and more preferably from about 
24 to 40%. 

15 The process of the present inventian can be prepared by de^erifyiag and amidating a non- 

calcium sensitive pectin with a base in a random &shion to obtain the low methoxyl pectin. The 
base is at least one of sodium hydroxide and ammonia. 

The degree of esterification that is at least about 1% and at most about 15% higher than 
the degree of esterification of the starting material, and more preferably at least about 7% and at 
20 most about 15% higher than the degree of esterification of the starting material. 

As discussed above, the present invention is directed to a process for stabilizing 
particulates in an aqueous system which comprises adding a low metho^l pectin to an aqueous 
system containing suitable concentration of polyvalent cations, wherdn said low melhoxyl pectin 
displays pseudoplasticity and substanttaUy no phase separation in an aqueous solution comprising 
25 at least one polyvalent cation. The process ftirfher comprises adding a food, or cosmetic or 
pharmaceutical product to the aqueous system. 

Also as discussed above, the present invention is directed to a stabilizing particles in 
aqueous system containing a low methojjyl pectin that displays pseudoplasticity and substantially 
no phase separation. The pH of the aqueous system is from about 2.5 to 5, and more preferably 
30 fix>m about 3 to 5. 

The aqueous system of the present invention can comprise at least one of food product, 
cosmetic product, and pharmaceutical product 
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Accordingly, it would be desirable to be able to provide pectin for use in suspending 
particulates in aqueous igrstems that: (1) has high, low shear viscosity, i.e., displays shear thinning 
(pseudoplastic) properties; (2) has shear thinning properties with acceptable mouth-feel; (3) 
displays significantly reduced syneresis and/or phase separation in the presence of relatively high 
levels of calcium and over long storage periods; and (4) undergoes TViiniTnal changes in rheology 
during long term storage. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates that the yield point of a beverage system can be determined from the 
linear plot of stress (Pa) as a function of shear rate (s"^) by the Bingham extrapolation method. 

Figure 2 is a linear plot of viscosity as a function of shear rate, which depicts idealized 
pseudoplatic behavior of a beverage system. 

Figure 3 depicts the linear plot of stress as a function of shear rate of the pectin of the 
present invention as shown in Example 15. 

Figure 4 depicts the linear plot of stress as a function of shear rate of the pectin of the 
present invention as shown in Example 16. 

Figure 5 depicts the linear plot of stress as a function of shear rate of xanttian. 
Figure 6 depicts the linear plot of stress as a function of shear rate of the pectin of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention is directed to a low methoxyl pectin (LMP) that displays 
pseudoplasticity and substantially no phase separation in an aqueous solution comprising at least 
one polyvalent cation. 

Pseudoplasticity is the rheological behavior most desired for stabilization of particles in 
aqueous solution. An aqueous solution is characterized as being pseudoplastic if it displays 
extreatnely high viscosity "'at rest" (i.e., at zero shear rate) and low viscosity when shear is applied. 
This is also referred to as "shear thinning.'* 

The viscosity of the LMP of the present invention is as follows: at a low shear rate of 
0.04s-^cPs, the viscosity is at least about SOOcPs, preferably about 300 to 2,000cPs, more 
preferably from about 400 to l,&00cPs, and most preferably from about 800 to i;200cPs; at a high 
shear rate of SOs'^cPs, the viscosity is about 1 to 20 cPs, preferably about 1 to 10 cPs, more 
preferably from about 2 to 1 OcPs, and most preferably from about 3 to 5cPs; and at a high shear 

7 
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rate of lOOs'^cPs, the viscosity is about 1 to 15 cPs^ preferably about 1 to 8 cPs, more preferably 
from about 2 to TcPs, and most preferably from about 3 to 5cPs. 

"Phase separation" refers to the formation of a clear liquid above a suspended bed of 
particles, often with a clear boundary line. Phase separation could also be referred to as particle 
5 sedimentation for the aqueous ^stem containing the pectin of the present invention. Severe phase 
separation is characterized by clear liquid surrounding the particle bed on the sides as well as the 
bottom- Phase separation can include, but is not limited to, particle sedimentation and/or gel 
contraction. "Syneresis'* is another term, often used with firm gels and not fluid gels, which is 
essentially the same as gel contraction, and is yet another representation of phase separation. The 
10 test for determining phase separation is described below in the example section labeled 
"Determination of Particle Sedimentation", which is used to determine phase separation for 
particle sedimentation. 

"Substantially no phase separation" refers to less than 10% of phase separation in the 
cationic aqueous solution containing the low methoxyl pectin of the present invention. The phase 
15 separation of the low methoxyl pectin of the present invention is preferably at most about 1 0%, 
more preferably at most about 7%, even more preferably about 5%, and at most about 3%. 

"Substantially no particle sedimentation" refers to less than 10% of particle sedimentation 
present in the cationic aqueous solution containing the low methoxyl pectin of tiie present 
invention. The particle sedimentation of the low methoxyl pectin of the present invention is 
20 preferably at most about 1 0%, more preferably at most about 7%, even more preferably about 5%, 
and at most about 3%. 

In addition^ although the LMP of the present invention does not substantially form weak 
gels in an aqueous solutions, it can gel in the presence of polyvalent catioi^. Examples of 
poljrvalent cations preferably include, but are not limited to, calciinn ions, magnesium ions, 
25 manganese ions, iron ions, copper ions, and aluminum ions, more preferably calcium ions and 
magnesium ions, and most preferably calcium ions. 

The amount of the polyvalent cation present in the aqueous solution is loeferably in the 
amount of about 10 ppm to about 1,000 ppm, more preferably about 50 ppm to about 500 ppm, 
still more preferably about 100 ppm to about 400 ppm, and most preferably about 200 to about 
30 300 ppm. 

The low methoxyl pectin (LMP) of the present krvention is also non-thixotropic in aqueous 
solution contaimng suitable concentration of polyvalent cations. That is, the LMP of the present 
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invention aids the aqueous solution to rebuild viscosity or recover very quickly shear is 
removed. 

The LMP of the present invention is prepared from non-calcium sensitive pectins. As 
discussed above, "non-calcium sensitive pectin" fraction refers to a fraction having a lower degree 
5 of calcium sensitivity. "Calcium sensitive pectin" fraction refers to a fraction having a higher 
degree of calcium sensitivity. "Calcium sensitivity (CS)" is intended to mean that prop^ty of a 
pectin product related to an increase in the viscosity of a solution of the pectin product under 
appropriate conditions. 

The LMP of the present invention can be in a form of a powder or aqueous system. The 
10 pH of the aqueous system is preferably about 6 to 0.5, more preferably about 5 to 1, and most 
preferably about 4 to 2. 

The LMP of the present invention is prepared by (1) deestertfying, or (2) deesterifying and 
amidating a non-calcium sensitive pectin (NCSP) with at least one of acid, base, and en2yme- 

15 Examples of suitable acids include, but are not limited to, nitric, hydrochloric, sulfiiric, 

preferably nitric and hydrochloric, and more preferably nitric. 

Examples of the base include, but are not limited to, sodium hydroxide and anunonia, 
preferably sodium hydroxide and ammonia, more preferably ammonia. 

Examples of the en2yme include, but are not limited to, polygalacturonase, pectate lyase, 

20 preferably frmgal pectin esterase, and more preferably pectin methylesterase (random). 

In one preferred embodimCTt of the present invention, the NCSP is preferably deesterified 
with an add in a random fesfaion to produce low methoxyl conventional pectins (LMC pectins). 
The LMC pectins of the present invention have a molecular weight from about 60 to 1 50 kDalton, 
preferably from about 70 to 120 kDalton, and most preferably from about 80 to 120 kDalton. 

25 The molecular weight of the pectin of the present invention is preferably calculated by 

measuring the relative viscosity of a 0.1% pectin solution using Na-hexametaphosphate. The 
apparatus used in this calctdation are (1) at least two Witeg-Ostwald-viscosimeters or similar 
viscometeis with 100 to 150 second outlet time for water (25 °C); (2) transparent thermostated 
water bath (25.0 ''C ± 0.3 ""C); and (3) digital stop watch. 

30 The reagent used in calculating the molecular weight of the pectin is Na- 

hexametaphosphate \diich is prepared by: (a) dissolving 20.0 g of Na-hexamet^hosphate in 1800 
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ml ion exchanged deaerated (boiled) water; (b) adjusting the pH to 4.50 ± 0.05 with 1 M HCl; and 
(c) diliiting the solution with ion exchanged deaerated (boiled) water until 2000 ml 

The procedure for calculating the molecular weight of the pectin is as follows: (1) clean 
the viscosimeters; (2) measure the outlet time on the viscosimeters for each jfreshly prepared 
5 hexametaphosphate solution and for every new working day where pectin solutions are being 
measured and innnediately before measuring the necessary quantity of hexametaphoiSphate 
solution is filtered through a glass filter No. 3; (3) determine the pectin sample systCTCi as follows: 
(a) acid wash the pectin; (b) weigh approximately 90 g hexametaphosphate solution in a tared 
beaker with magnet; (c) gradually add O.lg acid washed pectin to the 90 g hexametaphosphate 

10 solution in a tared beaker while stirring; (d) heat the solution to 70 °C while stirring until the 
pectin is completely dissolved; (e) cool the solution to 25 °C; (f) q.s. (weigh up) to 100.0 g with 
hexametaphosphate solution; and (g) filter through a glass filter No. 3; (4) measure the outlet time 
for every molecular weight determination on two different viscosimeteis; and (5) calculate the 
molecular weight separately for each viscosimeter using the latest measured outlet time for 

15 hexametaphosphate solution on the viscosimeter in question. If the difference between two 
calculated molecular wei^ts is less than 3,500, the mean value is calculated by rounding ojBT the 
value to the nearest multiple of 1,000. If the difference between the two calculated molecular 
weights is 3,500 or more, clean the viscosimeters and measure a new outlet time for 
hexametaphosphate solution, 

20 The oudet time is measured by the conducting the following procedure: (1) rinse the 

viscosimeter twice with the sample; (2) pour 5.00 ml of the sample in the viscosimeter and place 
it in the thermostated water bath at 25*0**C ± 0.3 ^'C at least 15 minutes prior to measuring; and 
(3) measure time on the two outlets. If the diSerence between tiie times is more than 0.2 seconds 
on measuring hexametaphosphate solution or 0.4 seconds on measuring samples, the measuring 

25 IS repeated until there are three outlet times which differ no more than 0.2 seconds on measuring 
hexametaphosphate solution or 0.4 seconds on measuring samples. Hie outlet time which is 
needed for further calculations is the mean value of the above mentioned two or three identical 
or almost identical measuring results. 

The relative viscosity is calculated as follows: 

30 n, = (VK/t,)/(t^-K/tO 
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wherein 1^ and ti,are the outlet times for pectin solution and hexametaphosphate solution, 
respectively, wherein K = (Q x t^^) / (Q + (0^26 • L • t^), and wherein Q == volume of viscosimeter 
bulb in cm^, L = length of capillary tube in cm and t^ = outlet time for water in seconds. 
The molecular weight of pectin is then calculated as follows: 
5 M = L277 • 10^ (n, ^'^-1) g/mol 

Furthermore, not wishing to be bound by theory, the LMC pectins of the present invention 
have a degree of esterification (DE) from about 20 to 55%, preferably from about 22 to 50%, more 
preferably from about 25 to 35%, and most preferably from about 24 to 40%. 

As discussed above, the term "degree of esterification" is intended to mean the extent to 
10 which free carboxylic acid groups contained in the polygalacturonic acid chain of the pectin have 
been esterified (e.g., by methylation) or in other ways rendered non-acidic (e.g., by amidation). 

In one preferred embodiment of the present invention, the NCSP is deesterified and 
amidated with a base in a random fashion to produce low methoxyl amidated pectins (LMA 
pectins). Not wishing to be bound by theory, the LMA pectins of the present invention have a 
15 molecular wei^t from about 60 to 150 kDalton, preferably from about 70 to 120 kDalton, and 
most preferably from about 80 to 120 kDalton. 

In addition, not wishing to be bound by theory, the LMA pectins of the present invCTtion 
have a degree of esterification preferably from about 30 to 55% and most preferably from about 
40 to 52%, and a degree of amidation (DA) preferably from about 1 to 30%, and most preferably 
20 from about 4 to 21 %. . 

The preferred LMA pectins of the present invention have a DE from about 40 to 52% with 
a DA from about 1 to 50%, preferably 2 to 40%, more preferably from about 4 to 25%, and most 
preferably from about 6 to 20%. 

As discussed above, the present invention is directed to a process for preparing a low 
25 methoxyl pectin displaying pseudoplasticily and substantially no phase separation hi an aqueous 
solution comprising at least one polyvalent cation which comprises treating a pectm starting 
material having a degree of esterification of greater than about 60% to obtain at least a non- 
calcium senjsitive pectin fraction. 

The process of the present invention is prepared by (a) treating a pectin starting material 
30 having a degree of esterification of greater than about 60% with a cation-containing preparation 
to obtain at least a non-calcium sensitive pectin frm^tion and a calcium sensitive pectin fraction; 
(b) separating the non-calcium sen^ve pectin fraction from the calcium sensitive pectin fraction 
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as disclosed in U.S. Serial Nos. 08/161,635 and 08/890,983 to Glaha, the disclosures of which 
are incorporated herein by reference; and (c) deesterifying or deesterifying and amidating the non- 
calcimn sensitive pectin fraction to obtain the low methoxyl pectin. 

Alternatively, the non-caldum sensitive pectin is prepared by (a) treating a pectin starting 
5 material having a degree of esterification of greater than about 60% with an enzyme to obtain the 
non-calcium sensitive pectin fraction; or (b) reesterifying the calcium sensitive pectin fraction to 
obtain the non-calcium sensitive pectin fraction. 

"Pectin starting material" is intended to mean a pectin product obtained by separation of 
pectin from a plant material. The pectin starting material can preferably be obtained from citrus 
1 0 peels, apple juices, apple ciders, apple pomace, sugar beets, sunflower heads, vegetables or waste 
products from plants such as apples, sugar beet, sunflower and citrus fruits, more preferably 
apples and citrus plants^ and most preferably citrus plants such as limes, lemons, grapefiiiits, and 
oranges. 

The pectin starting material can, for example, be tiie acid pectin extract after purification 
15 or it could be wet pectin cake obtained after treating the acid extracted pectin solution with 
alcohol. Further, the pectin starting material can, fear example, be the dried or partly dried pectin 
in the pectin cake from precipitation, or it could be the dried, milled pectin powder as normally 
produced by pectin manufacturers. 

The pectin starting material can be treated with a cation-containing preparation. As used 
20 herein, "cation-containing preparation" is intended to mean any source of free cations. Examples 
of the cation include, but are not limited to, metal ions derived from salts selected from at least 
one of alkaline eartii metal salts, alkali metal salts, transition metal salts or noixtures thereof. 

Examples of the metal ion include, but are not limited to, one or more of the following: 
calcium, iron, magnesium, zinc, potassium, sodium, aluminum, manganese, and nnxtures thereof. 
25 Prefembly, the metal ion is selected from one or more of the following: calcium, iron, zinc, and 
magnesiimi. More preferably, the metal cation is calcium. Mixtures oftwo or more metal cations 
can be employed. However, if a monovalent metal cation is employed, a di- or trivalent metal 
cation is preferably preseaat When such mixtures are used, the preferred metal cation is caldliim. 
The metal ions can be derived from one or more of the following: alkaline earth metal 
30 salts, alkali metal salts, transition metal salts, and mixtures thereo:^ provided that such salts are 
reasonably soluble in the solvent, e.g., water or water/alcohol mixtures. 
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Examples of metal salts that can be used in the practice of the present inv^tion, provided 
they are soluble in the solvent, include, but are not limited to, calcium nitrate, calcium acetate, 
calcium acid phosphate, calcium carbonate, calcium chloride, calcium citrate, calcium dihydrogen 
phosphate, calcium formate, calcium gluconate, calcium glutamate, calcium glycerate, calcium 
5 glycerophosphate, calcium glycinate, calcium hydrogen phosphate, calcium hydroxide, calcium 
iodide, calcium lactate, calcium lactophosphate, calcium magnesium carbonate, calcium 
magnesium inositol hexaphosphate, calcium phosphate tribasic, calcium-o-phosphate, calcium 
propionate, calcium pyrophosphate, calcium succinate, calcium sucrate, calcium sulfite, calcium 
tetraphosphate, iron (II) acetate, iron (HI) acetate, iron (HI) ammonium chloride, iron (III) 

10 ammonium citrate, iron (11) ammonium sulfate, iron (II) acetate hydroxide, iron (III) carbonate, 
iron (n) chloride, iron (QI) chloride, iron choline citrate, iron (0) citrate, iron dextran, iron (E) 
formate, iron QH) formate, iron (111) hypophosphite, iron (H) lactate, iron (IT) acetate, iron (SI) 
phosphate, iron QH) potassium oxalate, iron (ED) pyrophosphate, iron (HI) sodium citrate, iron 
(ED) sodium pyropho^hate, iron (0) sulfate^ iron (QI) sulfite, magnesium ammonium phosphate, 

15 . magnesium ammonium sulfate, magnesium carbonate, magnesium chloride, magnesium citrate, 
magnesium dihydrogen phosphate, magnesium formate, magnesium hydrogen phosphate, 
magnesixmi hydrogen-o-phosphate, magnesium hydroxide, magnesium hydroxide carbonate, 
magnesixmi lactate, magnesium nitrate, magnesium oxalate, magnesium oxide, magnesium 
phosphate, magnesium propionate, magnesium pyrophosphate, magnesium sulfete, zinc acetate, 

20 zinc ammonium sulfate, zinc carbonate, zinc chloride, zinc citrate, zinc formate, zinc hydrogen 
phosphate, zinc hydroxide, zinc lactate, zinc nitrate, zinc oxide, zinc phosphate, zinc phosphate 
monobasic, zinc phosphate tribasic, zinc-o-phosphate, zinc propionate, zinc pyrophosphate, zinc 
sulfate, zinc tartrate; valerate, and zmc-iso-valerate. 

The preferred salts are calcium salts such as calcium nitrate, calcium chloride, calcium 

25 hydroxide, calcium acetate, calcium propionate, calcium oxide, calcium gluconate, calcium 
lactate, and calciimi carbonate. The most preferred calcium salt is calcium nitrate. 

The cation-containing preparation preferably contains a di- or trivalent cation, and 
optionally at least one water miscible solvent The water miscible solvent is selected from one 
or more of the following: methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl alcohol, 

30 acetone, and ethyl acetate. Under mixing or extrusion conditions, the polyvalent cation forms an 
insoluble cation pectinate salt or gel when contacted with the pectin solution* A portion of the 
pectin does not form such an inisoluble salt or gel with the polyvalent cations, but difiEuses out of 
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the gel into the salt solution forming a separate pectin phase in said solution. The pectin can, 
accordingly, be sq^arated into two or more fractions. The first fraction contains pectin that has 
reacted with the cation fomiing a gel matrix insoluble in the solvent. The first fraction is calcium 
sensitive and is called the calcium sensitive pectin fraction (CSP). The second fraction does not 
5 form such a gel matrix and diSuses out of the gel and into the surrounding liquid. The second 
fraction is not calciinn sensitive and is referred to as the non-calcium sensitive pectin fraction 
(NCSP). 

The preferred cation is calcium ions m aqueous solution, optionally mixed with a solvent 
such as methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl alcohol, acetone, ethyl acetate, 

10 and any other organic solvent that is miscible with water. The amount of cation in aqueous 
solution is preferably from about 500 to 5,000 ppm, more preferably from about 1,000 to 4,000 
ppm, and most preferably from about 2,500 to 3,500 ppm. When mixed with alcohol, care should 
be exercised to avoid alcohol levels that will result in precipitation of an insoluble pectin 
compound. The preferred solution is a mixtmre of alcohol and water, and the most preferred is a 

15 mixture of isoprojpyl alcohol and water. The ratio of alcohol and water is preferably from about 
1 :5 to 1 :20, more preferably from about 1 :7 to 1 : 1 5, and most preferably from about 1 :8 to 1 : 12. 

The cation concentration can be varied over a wide range, with the upper limit being 

determined only by economic and practical considerations* The preferred iq>per limit of the cadon 
20 concentration is about 125 millimoles cation per liter of reaction medium (125 mM). What is 

meant by reaction medium is vvbat actually results from reacting the pectin starting material with 

the cation-containing preparation. 

A more preferred upper limit of the cation concentration is about 85 mM, \;\iierein molarity 

is by definition a per unit volume (Titer) concentration. The lower limit of the cation concentration 
25 is determined by that amount of cation that would provide the desired degree of separation into 

tiie at least first and second fractions. The preferred lower limit is about 5 mM cation. A more 

preferred lower limit is about 12.5 mM cation, with about 65 mM being the most preferred lower 

Umit 

The pH of the reaction medium influences the matrix-forming ability of the pectin starting 
30 material. If the pH is too low, no matrix is formed. The pH of the reaction medium is at least 
about 2. The lower liinit is preferably at least about 3, with about 4 being the most prefen-ed. The 
upper limit of the pH is only determined by the stability of the pectin starting material under the 
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combination of pH, temperature, and time being used. The upper limit of the pH is about 8. The 
preferred upper limit is about 6, with about 5 being the most preferred xxppcr limit 

As indicated above, the process in accordance with the present invention comprises 
treating pectin starting material having a DE of greater than about 60% to obtain at least a first 
5 fraction having a higher degree of calcium sensitivity than the pectin starting material and a 
second fraction having a lower degree of calcium sensitivity than the pectin starting material. 
^Preferably, the DE of the pectin starting material is at least about 60% and more preferably at 
least about 70%. 

The ratio of calciimi sensitive pectin (CSP) to the sum of CSP and non-calcium sensitive 

10 pectin (NCSP) is hereinafter referred to as Calcium Sensitive Pectin Ratio (CSPR). As indicated 
above, the pectins in accordance with the present invention have a CSPR greater than about 0.60. 
The preferred pectins have a CSPR of at least about 0.65. The more preferred CSPR is about 0.75, 
and the most preferred CSPR is at least about 0.85. 

Calcium sensitivity can be calculated by any technique known in the art Preferably, the 

15 calcium sensitivity can be calculated by measuring calcium sensitivity (CS) of pectin in a solution 
with gum. Specifically, caldum salt and pectin are mixed at low pH "where there is no strong 
setting of caldum ions and pectin. Then lie reaction between pectin and calcium ions is started 
by addition of sodium acetate/acetic acid buffer. The apparatus used in this calculation are: (1) 
plate magnetic stirrer (JKA MAG EOA 9); (2) magnetic stirrer (JK IKA-Combimag REO); (3) 50 

20 X 1 10 mm viscosity glass (Hohn & Halby); (4) 25 ml dispenser; (5) 5 ml automatic pipette; (6) 
Brookfield viscosimeter LVT; (7) pH-meter; (8) technical balance; (9) analytical balance; (10) 
42nmi TRIKA magnets; and (1 1) cooling bath (thermostatically controlled at 25 "^C). 

The reagents used in this calculation are (1) 1.000 M HCl; (2) 1 M acetate buffer at pH 
4.75 (68.04g/l of 500 mM CHgCOONa and 3H20,and 28.6 ml/I of 500 mM CH3COOH (100%)); 

25 and (3) 250 mM calcium chloride (36.7550g/I CaCl2 and 2H2O). Ion exchanged water with a 
conductivity below 1 .0 uS/cm must be used in all solutions. The^pectin solution contains 400 g 
pectin solution with 2.4 g pure gum (0.6% sol.). If the testing sample is not 100% gum ^ure 
gum), correct the sample using the following formula (A = the gum% of the sample): 
(0.6 X 400) / A = g sample with A% gum for 400 g solution 

30 The procedures for the calculating the caldum sensitivity are as follows: (1) weigh out the 

pectin with adjusted sugar percentage to 3 decimals; (2) disperse the pectin into 240 ml boiling 
ion-exchanged water in a high shear mfacer; (3) pour the solution into a tared beaker with magnet; 
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(4) pour additional 100 ml ion exchanged water into the mixer and add to the solution; (5) cool 
the pectin solution to about 25 **C; (6) adjust the pectin solution to a pH of 1 .5 with 1 M HCl; (7) 
weigh the solution to 400 g; (8) weigh out 145 g ± 1 g pectin solution in a viscosity glass; (9) put 
a TRIKA magnet in the glass; (10) add 5 ml 250 mM Ca+-f solution to the pectia solution while 
5 stirring with the plate magnetic stirrer at step (1). Stir for 2 mia; (1 1) add 25 ml 1 M acetate 
buffer with dispenser to the glass while stirring with a magnetic stirrer (JK IKA-Combimag REO) 
(the pH is about 4,2); (12) by means of the plate magnetic stirrer at step (1), stir for additional 2 
nmiutes; (13) remove the magnet and let the solution rest at 25 ""C until next day; and (14) measure 
calcium sensitivity as viscosity in cP with Brookfield LVT viscosimeter at 60 rpm. at 25 °C (use 

10 the thermostatically controlled water bath). 

In one preferred embodiment of the present iavention, the first fraction preferably has a 
degree of esterification of at least 1% lower thaa the degree of esterification of the starting 
material^ more preferably at least 3% lower and most preferably at least 5% lower than the degree a 
of esterification of the starting material. The second fraction preferably has a degree of 

15 esterification of at least 1% higher than the degree of esterification ofthe starting material, more 
preferably a degree of esterification of at least 3% higher, and most prefembly at least 7% higher 
than the degree of esterification of the starting material. 

The separation of the first and second fractions in accordance with the present invention 
is preferably performed as a separation rato a gel phase and a liqirid phase, respectively. The gel 

20 phase is predominantiy the reaction product of the cation in the cation-containing preparation and 

the calcium-sensitive fraction present in the pectin starting material. The liquid phase is z 
predominantly the pectin fraction in the starting material that does not form a gel with tiie cation- 
containing preparation. Various techniques conventional in the art can be used to perform the 
separation step. Preferably, the separation is performed by phyi^cal separation(filtration) using 

25 a washing solution^ such as a mixture of IPA, water and cation to complete the separation. The 
composition of the preferred washing solution contains the same cation-containing preparation 
(including a solvent) used to treat the pectin starting material. 

After the washing steps, the first fraction has a calciimi sensitivity (CS) of at least about 
10% higher than the calcium sensitivity of the starting material. The CS of the first fraction 

30 preferably is at least about 25% higher than the starting material, more preferably at least about 
50% higher than the starting material, and most preferably at least about 100% higher than the 
starting material. 
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In a preferred embodiment of the present invention, the purified pectin starting material 
is reacted with a solution of a cation salt under moderate agitation conditions such as mixing or 
wet spiiming, forming large gel particles visible to the naked eye. The gel particles can then be 
separated in any appropriate way fi-om the liquid and resuspended in firesh liquid or liquid 
contairdng a lower concentration of the NCSP. 

The two isolated firactions, the CSP containing gel firaction and the NCSP containing 
soltdion firaction can finrther be treated separately with additional solvent such as IPA to isolate 
the pectin from the wash liquid. This step can also be described as a dehydration step. 

The gel fi:actions containing the NCSP or the CSP can be treated separately and converted 
into the acid form or a salt of a monovalent metal or of ammonia by treating the alcohol 
precipitated firactions with an acid alcohol solution washing out the polyvalent metals. The 
fractions may then be partly or completely neutralized by washing with an alcohol solution of the 
desired salt. 

Alternatively, the fractions may be acidified before the alcoholic precipitation and 
subsequentiy washed with acid alcohol. Further, the fractions may be treated with an ion 
exchange resin carrying the desired monovalent cation and subsequentiy precipitated with alcohol. 

Both fractions can be dehydrated, dried and milled. The dehydration as discussed above 
is performed to remove the bulk of the water before the drying step. While any known technique 
can be used for dehydration, tiie firactions are preferably treated with alcohol. The water/alcohol 
phase formed in the dehydration is substantially removed by decantation, centrifuge or filtration 
using any known technique. Drying is accomphshed by known techniques, e.g., atmospheric or 
reduced-pressure ovens, to a moisture content of less than aboixt 50wt%, preferably less than 
about 25wt%. The drying temperature is maintained below the temperature at which the pectin 
starts to lose its properties, e.g., color, molecular weight, etc. Any knovm milling technique can 
be used to mill the pectin product to the desired particle size. It is most preferred that tiie final 
product be in dry, powder form, with a moisture content of about 12wt.% or less. Dry powder 
form is intended to mean that the product be pourable without substantial caking. The preferred 
final product is in the form of powder for ease of use. 

The NCSP of the present invention can preferably be prepared in a contrauous process, 
but a single batch is also possible. 

As discussed above, the low metiioxyl pectins of tiie present invention can be prepared 
firom a firactionated NCSP as disclosed m U.S. Serial Nos. 08/161,635 and 08/890,983 to Glahn. 
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Alternatively^, the low methoxyl pectin of the present invention can be prepared from an NCSP 
obtained by mechanisms other than fractionation. 

The NCSP of the present invention is prepared by any known techniques in the art, such 
as reesterification of calcium sensitive pectins or mixtures of calcium and non-calcium sensitive 
5 pectins with methanol either by chemical or enzymatic methods. In addition^ en2ymes can also 
be used to remove or cut but carboxyl regions or blocks of caiboxyl groups along the galacturonic 
acid backbone of the pectin starting material, and thus producing a non-caldum sensilive pectin. 
Examples of such enzymes preferably include, but are not limited to, polygalacturonase and 
pectate lyase. 

10 Other mechanisms used to enhance the relative level of non-calcium sensitive pectin in 

plant tissue before it is extracted include transgenic or genetic modification techniques which can 
direct the specific production of non-calcium sensitive pectms in ^ical pectin raw materials such 
as citrus plants or as the result of expression in host plants such as sugar cane or com. Finally, 
ihesre are other extraction mechanisms that can be used to selectively isolate non-calcium sensitive 

15 pectin from plant tissue. Manipulation of particular pH or cation or mixtures thereof in the 
extraction mixture, or selection for one specific firaction of citrus peel over another, isolation 
separately of NCSP or CSP can also be achieved. 

As discussed, the NCSP can be deesterified to produce LMC pectins of the present 
invention. Preferably, the NCSP is prepared by the fractionation mechanism as disclosed by 

20 Glahn. The NCSP is preferably a dry powder or a solution, most preferably a solution. The 
concentration of NCSP in the solution is from about 0.5 to 4 wt. %, preferably from about 1 to 3 
wt.%, and most preferably from about 1 to 2 wt%. 

Preferably, the LMC pectins of the present invention can be prepared by charging an 
NCSP solution to a reactor vessel and the temperature is adjusted to a range fix>m about 20 to 

25 60^C, more preferably &om about 30 to 55*^, and most preferably from about 45 to 50°C, The pH 
of the solution is adjusted to a range from about 0.5 to 2.5, preferably from about 0.5 to 1 .5, most 
preferably from about 0.7 to 1 . 1 . The acid used for pH adjustment can be a nitric, hydrochloric 
or sulfriric add, preferably nitric or hydrochloric acid, most preferably nitric acid. The reaction 
is preferably allowed to progress for about 10 to 200 hours, more prefiarably for about 15 to 100 

30 hours, and most preferably for about 20 to 75, To isolate the low methoxyl pectins from solution 
and dehydrate, the acidified or partially neutralized extracts are added to 2 volumes of 60% IP A 
to precipitate the pectin. The precipitate is pressed on a band press to remove excess water and 
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IPA. The pectin press cake is resus5)ended in an additior^ To this 

mixture a solution of sodium carbonate (1 kg sodium carbonate to 4 liters of water) can be added 
in sufiBcient quantity to achieve a pH of 5.0 of the mixture or final pectin pH of 4.5 when 
measured in a 1% aqueous solution. The neutralized pectin is again belt pressed. The pressed 
5 pectin is dried and ground to a powder. 

In addition^ as discussed above, the NCSP can be deesterified and amidated to produce the 
LMA pectin of the present invention. Preferably, the NCSP is prepared by the fractionation 
mechanism' of Glahn. The NCSP is preferably a dry power or a suspension in alcohol or an 
alcoholic press cake. Most preferably, the NCSP is provided as a suspension in alcohol. The 

10 concentration of pectin in the alcoholic suspension is preferably firom about 0.5 to 50%, more 
preferably fi-om about 10 to 40%, and most preferably fi^om about 20 to 30%. The composition 
of the suspending alcoholic solution is preferably about 40/60 alcohol to water, more preferably 
about 60/40 alcohol to water, and most preferably about 70/30 alcohol to water. The alcohol used 
is preferably a methanol, ethanol or isopropyl alcohol, and most preferably an efhanol or isopropyl 

15 alcohol. The suspension is preferably cooled to a temperature ftom about 1 to 25 '^C, more 
preferably from about 3 to 15 *^C, and most preferably from about 3 to 10**C. NH4OH (28-29% 
aromonia water manufactured by Baker Chemical) is added to tiie mixture. Optionally^, NH3 (gas) 
is added to the mixture. Sufficient ammonia (hydroxide or gas) is preferably added to increase 
the pH from about 8 to 13.5, more preferably from about 9 to 13, and most preferably from about 

20 10.5 to 12.5. The desired pH is maintained within +/- 0.2 pH units by adding NH4OH or NH3. 
The reaction is preferably allowed to continue for about 0.5 to 1 5 houi^ more preferably for about 
1 to 10 hours, and most preferably for about 1 to 6 hours over which time an additional NH4OH 
or NH3 is consumed: The reaction inixture is terminated by removing excess reaction liquid and 
addiDg acid to lower the pH. Acidified 60/40 IPA/H2O (pH adjusted to 1 .5 - 2.0 with HNO3) is 

25 added to the reactor and mixed. Additional HNO3 is added to adjust pH to 3.3-3.6. The mixture 
is preferably allowed to mix for about 0.5 to 5 hours, more preferably for about 1 to 4 hours, and 
most preferably for about 2 to 3 hours. The excess acid wash liquid is removed from the mixture 
by vacuum or filtration. The isolated pectin is washed with 70/30 IPA/H2O. Washing and 
filtermg the pectin is repeated at least two additional times with fresh 70/30 The 

30 isolated pectin is dried and groimd to a powder. 

In accordance with the present invention, the low methoxyl conventional pectin and low 
meflioxyl amidated pectin prepared from NCSP can be used in a process for stabilizing insoluble 
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components in aqueous systems. "Stabilizing insoluble components" can include, but is not 
limited to, suspending insoluble components. "Insoluble components" refer to any insoluble 
particulates such as pulps, essential oils, coloring agents such as natural or otherwise, nainerals, 
botanicals, and pharmaceuticals that have the tendency to phase separate into one or more phases 
in a solution via sedimentation, creaming or other such destabilizalion mechanisms. The test for 
phase separation in the context of the present invention is described below in the example section 
labeled "Determination of Particle Sedimentation** which is a test for phase separation for particle 
sedimentation. 

"Aqueous system" herein refers to food, cosmetic, and pharmaceutical products in aqueous 
form which contain a suitable concentration of polyvalent cations or to which polyvalent cations 
can be added. Examples of liquid food products include, but are not limited to, drinks containmg 
fruits, vegetables^ or mixtures thereol^ soxq>s, salad dressings, and sauces. The drinks can be still 
or carbonated, consumed as is or to be diluted, sweetened or unsweetened, salted or unsalted, 
contain or not contain alcohol, or combinadoi^ thereof. Examples of aqueous cosmetic 
products include, but are not limited to, perfumes, sun tan lotions, sun screen lotions, body lotions, 
deodorants, and antiperspirants. Examples of aqueous pharmaceutical products include, but are 
not limited to liquids, extracts, syrups, suspensions, liquors which contain active and/or inert 
ingredients either in solution or as a particle suspension or emulsion. 

The pH of the aqueoiis system in the process of the presmt invention is preferably from 
about 2.5 to 5, and more preferably from about 3 to 5. The aqueous system can preferably have 
a solid content from about 0. 1 % to 50% by weight 

In one embodiment of the present invention, the aqueous system is a beverage drink that 
can have a solids content from about 0.1% to about 50% by weight, an alcohol content of between 
from about 0% to about 5% by volume, a salt (NaCl) content of about 0% to 3%, and a sugar 
content of from about 0.1% to about 15%. 

The total amount of pectin in the aqueous system can prefetobly be from about 0.01% to 
about 0.3% by dry weight, and more preferably from about 0.1% to 0.2% by dry weight. 

In addition, the low methoxyl pectin of the present invention can also be used in a 
composition. The compo^tion contains the low methoxyl pectin of the present invention and an 
aqueous solution. 
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Also in accordance with the present invention, the low methoxyl pectin can be used in a 
stabilized aqueous system containing particles. The stabilized aqueous system containing particles 
includes the low methoxyl pectin of the present invention and polyvalent cations. 

The low methoxyl pectin of the present invention has low viscosity and shear thiTming 
properties, and thus does not have an undesirable organoleptic perception (pituitous or slimy 
mouth-feel). The pectin of the present invention also does not undergo syneresis (phase 
separation) upon storage or form a separate gel phase in tibe presence of relatively high levels of 
polycations such as magnesiiun and calcium ions. 

When the low methoxyl pectin of the present invention is added to an aqueous system, it 
provides suspension of particles in the aqueous system. At the same time, it provides minimal 
changes in rheology during long term storage. Rheological evaluation of pectin solutions and 
beverages can be conducted using a Haake Rotovisco RV 20 and an RC 20 Rheocontroller 
computer interface or similar devices in the art, such as Rotational (Steady Shear) Software. 

Suspeni^on of particles in fhrid or aqueous systems is the result of viscous or yield stress 
behavior. Yield stress behavior can be used to define rheology of a fluid, e.g., suspension of 
particles in aqueous systems by means of a weak gel network. Stokes Law can be used to 
calculate the settling rate of particles in viscous fluids. In the present invention, particle 
sedimentation is prevented by the formation of a weak gel network \^iiich keeps particles 
suspended. Factors which affect the rheology of pectins in solution include pH, soluble solids, 
calcium concentration, pectin type, temperature^ fluid density, particle density and particle 
geometry. At a given set of conditions, flie rheological behavior associated with an aqueous 
system can be measured and calculated. 

Yield stress (t) representing an elastic response can be defined with two equations: . 

= rgflPp -P^l) derived fix>m Stokes Law for particle settling, where 
3 

r = radius of particle 

g == gravitational constant (980 cm/sec^) 

Pp = density of particle 

Pl = density of liquid 

and the equation: 

T == G' • Yc G' = elastic modulus, independent of strain 

Y^ = critical strain, where the network begins to lose its structure 
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and G' starts to decrease (loss of viscoelastic properties) 



Therefore, when 
G'-Y,>r^j.^a 
3 

5 the conditions are met for particles to stay suspended within the system. 

G' and Yc are measured nsing a controlled stress or controlled rate rheometer and 
performing a dynamic strain sweep (for a given set of conditions) at a constant frequency. For a 
system exhibitiag yield stress behavior, G" (viscous modulus) is smaller than G' in the Unear 
region, independent of strain. Once the structure has been deformed at the aitical strain, G" 
10 increases as the viscoelastic properties change and the system exhibits a trend toward viscous 
behavior (G" is larger than G). 

Figure 1 iUustrates that &e yield point can be detemsinedfiom the Im^ 
as a fimction of shear rate (s'O by th© Bingham extr^x)lation method. The jdeld point is the stress 
of extrapolated to a shear rate of zero. This point represents the behavior of an aqueous system 
15 at rest The slope of the linear stress - shear rate curve is the fluid viscosity (Pa • sec). 

For systems exhibiting viscous behavior. Stokes Law can be used to calculate the forces 
which act on a particle in a liquid system, at a given set of experimental conditions. 
Stokes Law defines a ftiction coefficient for spheres as: 
F = 67crT]v r = radius of particle 

20 T| = viscosity of liquid 

\. 

V = velocity 

This is used to calculate the viscous resistance encountered by a sphere moving through 
a liquid. 

Gravitational forces act on a particle to pull it downward through the Uquid, where: 

25 F = %7cr^(PF-PL)g r = radius of particle 

Pp = density of particle 
Pl = density of liquid 
g — gravitational constant 

When the viscous resistance is equal to the gravitational forces, the particle falls at a 
30 constant velocity. 

6irrT)v-%icr3(PF-PL)g 

22 
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Solving for velocity, a settling rate can be calculated for a particle. 
v-21gr^(P^^J 

This is influenced by particle radius and liquid viscosity. 

The viscosity needed for a particle to settle at a tolerable rate can be determined by the 
following formula: 

V 

Ideally, the rheological behavior most desired for stabilization of particles in solution is 
pseudoplasticity. In this case, the solution is characterized by extremely high viscosity "at rest" 
(under conditions of zero shear) and low viscosity v^hen shear is applied. In other words, the 
solution is "shear thinning." In addition, it is important that such a solution is able to rebuild 
viscosity or recover very quickly when shear is removed. Such solutions are said to be non- 
fhixotropic. This is illustrated in Figure 2. 

Without further elaboration, it is believed that one skilled in the art can, using the 
preceding description^ utilize the present invention to ite Hdlest extent. 

The following preferred specific embodiments are, therefore, to be construed as merely 
illustrative, and not limitative of the remainder of the disclosure in any way whatsoever. 
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EXAMPLES 

Examples 1-39 provided below illustrate the different physical properties and rheology of 
different suspending aids including the LMP of the present invention. The methods for 
determining the physical properties and rheology of the suspending aids in the Examples 1-39 are 
5 shown below. 

Analytical Procedures 
Method for Determming CSPR (Ratio of CSP and NCSP in a Pectin Sample) 

A pectin sample of 0.2 g is weighed to the nearest mg (in a pretered 50 ml centrifuge tube 
weighed to the nearest mg) and is dissolved in 10 g demineralized water by heating to the tube to 
10 yO^'C. The solution is cooled to approximately 20°C. This is done in duplicate. The pH of each 
solution is adjusted to 4.0. 

The total amount of pectin in the solution is detemiined by adding 20 ml of 80% isopropyl 
alcohol to one of the tubes to precipitate the pectixL The precipitate is collected by centrifugation 
at 30,000 G for 30 minutes, wa^ed twice with 60% isopropyl alcohol following up each wash 
15 with centrifugation, dried at 60®C over night under ^cuum and weighed to the nearest mg. 
Calculate the amount of pectin precipitated and divide by the initial wei^t of pectin added to that 
particular tube. IWs ratio is designated the A value of the pectin. 

1 0 ml of the following solution (which contains 60 mM calcium and 1 6 percent IPA) is 
added to the remaining 10 nal sample of pectin solution in a tared centrifuge tube: 

20 387 g danineralized water 

99 g 80% isopropyl alcohol QPA) 
4.4geaCl2,2H20 

By mixing the two solutions, a Ca-content of 30 mM and 8% IPA is produced* The 
suspension of gel particles formed is left for 24 hours with occasional stirring. The gel particles 
25 are separated from the liquid phase by centrifiigation at 30,000 G for 30 minutes. Gel particles 
are left in the tube after decant or siphon off the liquid phase. 

The gel particles are washed twice in equal amounts of a solution containing 30 mM Ca 
and 8% IPA by vortexing and allowing the wash to equilibrate. The equilihration time is 24 hours 
for each washing. Following each wash the gel particles are separated using centrifugation at 

24 
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30,000 G for 30 minutes. The washing sohition for this stqp can be prepared by diluting an aliquot 
of the 16% IPA - 60 mM calcium solution with an equal volume of water. 

The total amount of washed gel phase is then weighed after decanting off the liquid phase. 
The amount of pectm in the gel phase is determined by mixing the gel phase, weighed out to the 
5 second decimal, with twice its value of 80% IPA and then washed twice in 60% IPA. The 
precipitate is collected by centrifiigation at 30,000 G for 30 minutes after each wash. The sample 
is flien dried at 60''C over night under vacuum and weighed to the nearest mg. The normalized 
amount of CSP pectm is determined by dividing this amoimt of pectin by the original amoimt of 
pectm weighed into the centrifuge tube. This is designated the B value. 
10 The ratio of CSP is calculated according to the formula: CSPR= B/A 

The ratio of NCSP is found by subtracting the CSPR value from 1. 
Determination of the Calcium Sensitivity of a Pectin Sample 

The method below is used to determine the calcium sensitivity of a pectin sample. 
The reagents used in this calculation are (1) 1 .000 M HCl; (2) 1 M acetate buffer at pH 
15 4.75 (68.04g/l of 500 mM CHgCOONa and 3H20,and 28.6 ml/1 of 500 mM CH3COOH 

(100%)); and (3) 250 mM calcium chloride (36.7550g/l CaCIa and 2H2O). Ion exchanged 
water with a conductivity below 1.0 uS/cm must be used in all solutions. The pectin 
solution contains 400 g pectin solution with 2.4 g pure gum (0.6% soL). If tiie testing 
sample is not 100% gum (pure gum), correct the sample using the following formula (A 
20 = the gimi% of the sample): 

(0.6 X 400) / A =g sample with A% gum for 400 g solution 
The procedures for the calculating the caldum sensitivity are as follows: (1) weigh 
out the pectin, with adjusted sugar percentage to 3 decimals; (2) disperse the pectin into 
240 ml boilujig ion-exchanged water in a high shear umxct; (3) pour the solution into a 
25 tared beaker with magnet; (4) pour additional 100 ml ion exchanged water into the mixer 

and add to the solution; (5) cool the pectin solution to about 25 "^C; (6) adjust the pectin 
solution to a pH of 1 .5 with 1 M HCl; (7) weigh the solution to 400 g; (8) weigh out 145 
g ± 1 g p^tin solution in a viscosity glass; (9) put a TRIKA magnet in the glass; (1 0) add 
5 ml 250 mM Ca+-l- solution to the pectin solution while stirring with the plate magnetic 
30 stinreratstep(l). Stir for 2 min; (11) add 25 ml 1 M acetate buffer witii dispenser to the 

glass while stkring with a magnetic stirrer (JK IKA-Combimag REO) (the pH is about 
4.2); (12) by means of the plate magnetic stirrer at step (1), stir for additional 2 minutes; 

25 
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(13) remove the magnet and let the solution rest at 25 ^^C until next day; and (14) measure 
calcium sensitivity as viscosity in cP with Brookfield LVT viscosimeter at 60 ipm. at 
25 ""C (use the thermostatically controlled water bath). 

DeterminatioB of degree of esteriBcation and galaeturonic acid in non-amide pectin 

5 The degree of esterification (DE) and galaeturonic acid (GA) in non-amide pectin 

can be determined as presented below. This method is a modification of the Food 
Chemicals Codex and Food and Agriculture Organization of the United NationsAVorld 
Health Organization method for determination of % DE and % GA in pectin which does 
not contain amide and acetate ester. 

10 The apparatuses need to conduct this method include: an analytical balance; a 

glass beaker (250 ml, 5 PCS); a measuring glasis (100 ml); a vacuum pump; a suction 
flask; a glass filter crucible no, 1 (Btichner funnel and filter paper); a stop watch; a test 
tube; a drying cabinet at 105 ''C; a desiccator; a magnetic sthxer and magnets; a burette (10 
nod, accuracy ± 0.05 ml); pipettes (20 ml: 2 PCS, 10 ml: 1 pc); and apH-meter/autoburette 

15 or phenolphtalein. 

The chemicals reqtured in this method include: carbon dioxide-fi^ee water; 60% 
and 100% isopropanol (CPA); 0.5 N and fuming 37% hydrochloride (HCl); 0.1 N and 0.5N 
sodium hydroxide (NaOH) (corrected to four decimals, e.g., 0.1 002); 0.1 N silver nitrate 
9 (AgNOg); 3 N nitric acid (NHO3); and indicator, 0.1% phenolphtalein (indicator). 

20 The procedures for determining DE and GA are presented below. 2,000 g of 

pectin are weighed in a 250 ml glass beaker. 100 ml of acid alcohol are added and stirred 
on a magnetic stirrer for 10 minutes. The filtrate is throughly dried and the glass :^ter 
crucible is weighed. The beaker is completely rinsed with 6 x 1 5 ml acid alcohol. 60% 
IPA is washed until the filtrate is chloride-fi:ee (approximately 500 ml). Hie chloride test 

25 is conducted by transferring approximately 10 ml filtrate to a test tube, adding 

approximately 3 ml of 3 N HNO3, and adding a few drops of AgNO^ The filtrate is 
chloride-firee if tiie solution is clear, otherwise there is a precipitation of silver chloride. 
20 ml of 100% IPA is then washed. The sample is dried for 2 H hours at 105^*0. The 
crucible is weighed after drying and cooling in a desiccator. 0.4000 g of the sample is 

30 accurately weighed in a 250 ml glass beaker. (Two samples are weighed for double 

determination.) The pectin is soaked with approximately 2 ml of 100% IPA and 
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approximately 1 00 ml of carbon dioxide-fiee water are added while stirring on a magnetic 
stirrer. 

The sample is then titrated, either by means of an indicator or by nsing a pH- 
meter/autobnrette. If an indicator is used, the method is continued to be carried out as 
follows: add 5 drops of phenolphtalein indicator and titrate with 0. 1 N NaOH until change 
of color (record it as Vj titer); add 20.00 ml of 0.5 N NaOH while stirring; and allow the 
solution to stand for exactiy 15 min. When standing, the sample must be covered with 
foil. 20.00 ml of 0.5 N HCl are then added and stirred on a magnetic stirrer until the color 
disappears. 3 drops of phenolphtalein are added and titrated with 0.1 N NaOH until 
change of color (record it as V2 titer). The blind test (double determination) is then carried 
out as follows: add 5 drops phenolphtalein to 100 ml carbon dioxide-free water and titrate 
in a 250 ml glass beaker with 0.1 N NaOH until change of color (1-2 drops); then add 
20.00 ml 0.5 N NaOH and let the sample stand untouched for exactly 15 minutes. When 
standing, the sample must be covered with foil. 20.00 ml of 0.5 N HCl and 3 drops 
phenolphtalein are then added and titrated until change of color with 0.1 N NaOH. The 
amount of 0.1 N NaOH used is recorded as The maximum amount allowed for 
titration is 1 ml of 0.1 NNaOH. If titrating with more than 1 ml, 0.5 N HCl must be 
diluted with a small amount of deionized water. If the sample shows a change of color 
witii the addition of 0.5 N HCl, 0.5 N NaOH must be diluted with a small amount of 
deionized water. The maximimi amount of water allowed to be used for is between 0.52 
and 0.48 N. 

If a pH-meter/autoburette is used, the method is continued to be carried dut as 
follows: titrate each sample with 0. 1 N NaOH to pH 8.5 (and the result is recorded as Vj, 
titer); then add 20.00 ml of 0.5 N NaOH and let the sample stand untouched for exacfly 
15 minutes. When standing the sample must be covered with foil. 20.00 ml of 0.5 N HCl 
are added and stirred on a magnetic stirrer until thepH is constant The sample is then 
titrated with 0.1 N NaOH to pH 8.5. (The result is recorded as titer). The blind test 
(double determination) is carried out as follows: titrate 100 ml carbon dioxide-free water 
to pH 8.5 with 0.1 N NaOH (1-2 drops); add 20.00 ml of 0.5 N NaOH; and let the blind 
test sample stand untouched for exactiy 15 minutes. When standing the sample must be 
covered with foil. 20.00 ml of 0.5 N HCl are added and stirred on a magnetic stirrer until 
pH is constant. The sample is then titrated to pH 8.5 with 0.1 N NaOH. The amount of 
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O.IN NaOH used is recorded as B,. The maxiimun amount allowed for titration is 1 ml 
of 0.1 N NaOH. If titrating witb more than 1 ml, 0.5 N HCl must be diluted with a small 
amount of deionized water. If pH does not fall to below 8.5 on addition of 0.5 N HCl, 0.5 
N NaOH must be diluted with a small amount of deionzed water. The maximum amoimt 
of water allowed to be used in the dilution is between 0.52 and 0.48 N. 

The degree of esterification (DE), degree of free acid (DFA), and degree of 
galactoronic acid (GA) are calculated by the following formulas: 

V, = V, + (V2-B0 

%DE (Degree of esterification) = O/ g>B i >xlQ0 

%D.F.A. (Degree of free acid) = 100 - % DE 

%GA* (Degree of galactoronic acid) = 194.1 xV^xNx 100 

400 

The percentage of GA is determined on ash and moisture-jBree basis* The value 
194.1 is the molecular weight for GA. 'TM" is the corrected normality for 0.1 N NaOH. 
used for titration (e.g., 0. 1 002 N). The value 400 refers to the weight in mg of washed and 
dried sample for titration. ^ 
DeterminatiDii of Molecular Weight by Relative Viscosity 

The procedure for calculating the molecular weight of the pectin is as follows: (1) 
clean the visco^bneters; (2) measure the outlet time on the viscosimeters for each freshly 
prepared hexamet^hosphate solution and for every new working day vfh&re pectin 
solutions aro being measured and immediately before measuring the necessary quantify 
of hexametaphosphate solution is filtered through a glass filter No. 3; (3) determine the 
pectin sample system as follows: (a) acid wash the pectin; (b) weigh approximately 90 
g hexametaphosphate solution in a tared beaker with magnet; (c) gradually add O.lg acid 
washed pectin to the 90 g hexametaphosphate solution in a taxed beaker while stirring; 
(d) heat the solution to 70**C while stirring until the pectin is completely dissolve^ (e) 
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cool the solution to 25 °C; (f) q.s. (weigh up) to 100.0 g with hexametaphosphate solution; 
and (g) filter through a glass filter No. 3; (4) measure the outlet time for every molecular 
weight determination on two different viscosimeters; and (5) calculate the molecular 
weight separately for each viscosimeter using the latest measured outlet time for 
5 hexametaphosphate solution on the viscosimeter in question. If the difference between 

two calculated molecular weights is less than 3,500, the mean value is calculated by 
rounding off the value to the nearest multiple of 1,000. If the difference between the two 
calculated molecular weights is 3,500 or more, clean the viscosimeters and measure a new 
outlet time for hexametaphosphate solution. 

10 The outlet time is measured by the conducting the following procedure: (1) rinse 

the viscosimeter twice with the sample; (2) pour 5.00 ml of the sample in tiae viscosimeter 
and place it in the thermostated water bath at 25.0°C ± 03 °C at least 1 5 minutes prior to 
measuring; and (3) measure time on the two outlets. If the difference between the times 
is more than 0.2 seconds on measuring hexametaphosphate solution or OA seconds on 

15 measuring samples, the measuring is repeated imtil there are three outlet times which 

differ no more than 0.2 seconds on measuring hexametaphosphate solution or 0.4 seconds 
on measuring samples. The outlet time which is needed for fiirther calculations is the 
mean value of the above mentioned two or three identical or almost identical measuring 
results. 

20 The relative viscosity is calculated as follows: 

n, = (VK/t,)/(th-K/t^ 
wherein 1^ and 1^ are the outiet times for pectin solution and hexametaphosphate solution, 
respectively, wherein K - (Q x 1?^) / (Q + (0.226 ► L • t^), and wherein Q = volume of 
viscosimeter bulb in cm^ L = length of capillary tube in cm and t^ = outlet time for watOT 
25 in seconds. 

The molecular weight of pectin is then calculated as follows: 
M - 1 .277 • 10^ (n^ ^^^-1) g/mol 
Determination of Particle Sedimentation 

Particle sedimentation is evaluated by placing samples of commercially available 
30 juice based beverages which contain insoluble particles to which the test pectins are 

added, into 1 5 cm high screw capped tub^ which have outside diameters (OD) of 1 6mm. 
Examples of such beverages include Frutopia Strawberry Passion, Libby Juicy Juice, 
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Ocean Spray Orange Juice, Ocean Spray Ruby Red Grapefruit Juice, Snapple Island 
Cocktail, and Tropicana Twister. 

Solutions of the test pectins (2% w/w) are prepared and added to the beverages to 
achieve a final concentration of 0.1 wt.%. The tubes are allowed to stand refrigerated at 
3*^ for four weeks. At that point, the height of the clear liquid column above the particle 
suspension is measured. A p^ent sedimentation is calculated by dividhig the height of 
the clear layer (He) by the total height (H^) of the liquid in the tube (clear layer + pulp 
suspended) as shown below: 
(Hc/Ht) X 100 

Preparation of a Synthetic Beverage 

The following formula is used to prepare samples for the rheological and pulp 
susi>ension experiments. The ingredients are listed ia order of addition. 

TABLE A 



Ingredient 


Amount 


Deionized water 


166.97 g 


Test pectin or xanthan 


0.2 g 


Sucrose 


24 g 


Calcitiin 


8.33 ml 


Citric acid (2) 


0.5 g 





In Table A, (1) refers to 6000 ppm stock solution prepared with CaCl2*2H20 andi (2) 
refers to 50% citric acid stock solution. 

The procedure for preparing the synthetic beverage includes heating water to 90°C; 
adding pectin slowly to hot water while mixing with Silverson mixer; adding sugar to the 
mixture while mixing; and adding calcium solution to the mixture while mixing; adjusting 
the pH of the solution to 3.0 with additional citric acid as needed; pouring hot solution 
into suitable containei^ cooling the solution to room temperature; and refiigerating as 
needed. 

Determmation of Viscosity and Yield Point (Rheological Evaluation) 

A synthetic beverage solution is used to detCTnnne the viscosity and yield point 
(rheological properties) of the pectin in solution. 
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Rheological evaluation of pectins in a synHielic beverage system are conducted 
using a Haake Rotovisco RV 20 and an RC 20 RheocontroUer computer interface. For 
these samples, the Rotational (Steady Shear) Software is used. 

The program is a time-linear flow curve (tau/D), which ramps the shear rate up and 
5 down, over a defined time interval. The shear rate to be reached over a time interval and 

the number of data points to be collected are defined in this program. The slope of the 
curve corresponds to the shear rate difference divided by the ramp time. 

The flow curve program parameters are as follows: 



Seffmenf Tvpe 


Shear Rate a/s^ 


Time (sec\ 


Temp CO 


Data Points 


Start 


0.00 


30 


25 


5 


Tau/D 


0.5 


30 


25 


5 


Tau/D 


1-0 


30 


25 


5 


Tau/D 


5.0 


30 


25 


5 




10.0 


30 


25 


5 


Taum 


50.0 


30 


25 




Tau/D 


100.0 


30 


25 


5 


Tau/D 


200.0 


30 


25 


5 


Tau/D 


300.0 


30 


25 


5 


Tau/t Ctime"^ . 


300.0 


30 


25 


0 


Tau/D 


200.0 


30 


25 


5 


Tau/D 


100.0 


30 


25 


5 




50.0 


30 


25 


5 


Tau/D 


10.0 


30 


25 


5 


Tau/D 


5.0 


30 


25 


5 


Tau/D 


1.0 


30 


25 


5 


Tau/D 


0.5 


30 


25 


5 


Tau/D 


0.0 


30 


25 


5 



The shear rate is ramped upward to 300 1/s over fixed time intervals. The sample 
is theaa sheared for 30 seconds at 300 1/s and ramped downward using the same intervals. 
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Plotting stress vs. strain rate linearly allows one to extrapolate to the y-intercept 
and obtain a yield point or yield stress value, which can then be used to satisfy the yield 
stress equation for particle su2?pension. Viscosity is calculated from the equation: 

ti=t/T 

A Bingham regression is a line^ regression with the equation: 

J = Jo +eta»T(y-=mx + b) 

The Jo (yield point) and eta (slope) values are necessary for data interpretation. 

When stress (Pa) is ploted as a fiinction of shear rate (1/sec), a plot like that shown 
in the Figure 1 . From this data both yield point (stress extrapolated to a 2m> shear rate) 
and viscosity at any desired shear rate (the slope of the curve at the indicated shear rate, 
i.e.. Pa sec) can be determined. 



Example 1 
Control Example 

In this example, pectin is extracted from lemon peel and then fractionating the 
pectin to obtain NCSP precusor. 

10 kg of dried lemon peel (Argentina) is added to a 500 liter stkred tank reactor. 
500 liters of deionized water is then added to the peel in the reactor. 0.8 liter of nitric acid 
(62 wt.% HNO3, Olin Corp., Chemicals Group, Norwalk, CT 06856 USA) is fiirfher added 
to the reactor to reach a pH of 0.9 to 1 J2. 

Pectin is extracted from the naixture of lemon peel by heating the mixture with 
slight agitation to 70°C for 3 hours. The extraction mixture is then filtered using vacuum 
filtration followed by a vacuum polishiag filtration using Celite (Celite Corp.» c/o World 
Mmerals Inc. Lompoc, CA 93438 USA). 

The filtrate is evaporated ui^g a wiped film evaporator to increase the pectin 
concentration in solution to approximately 1.6% wAv. The pH of the clear filtrate is 
adjusted to 4.0 by the addition of a sodium carbonate solution Q^axCOg, CERAC, 
IncMilwaukee, WI 53201 1 178 USA). 
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1000 Kg of the 1 .6% pectin thick juice is then mixed with 1 500 Kg of IPA/calcium 
solution to produce a mixture composition of 0.9% (w/w) pectin, 6.8% (w/w) IPA and 
2,000 ppm calcium at pH 4.0. This mixture is allowed to geL The gel particles are 
separated form the liquid portion using screens to hold the gel but allow the liquid to pass 
through. The gel phase contains the CSP fiaction. The liquid phase contains the desired 
NCSP fraction. The gels are washed over a series of 4 screens with DPA/Calcium mixture 
in a counter-current fashion. After washing is completed, the liquid phase is concentrated 
by evaporation, calcium is removed by ion exchange. Optionally, the dry NCSP precursor 
is isolated by precipitation with 2 volumes of 60% IPA. In this case, the pectin is belt 
pressed. The pressed pectin is dried and groimd. 

Molecular weight, degree of esterification, calcium sensitivity, ratio of calcium 
sensitivity, and CBochoxyl distribution of the initial pectin, CSP firaction, and NCSP ftaction 
are calculated using known techniques in the art. The results of this example are shown 
in Table 1 below. 



Table 1 





Initial Pectin 


CSP 


NCSP 


Molecular Weight (1 ,000 Daltons) 


115-130 


125-140 


100-115 


Degree of Esterification (%) 


68-72 


65-68 


75-77 


Calcium Sensitivity (Cps.) 


150-300 


600-1000 


<10 


Calcium Sensitive Pectin Ratio 


60 


95+ 


<5 


Carboxyl Distribution 


Mixture 


Blocky 


Rajudom 



Examples 2 to 19 provided below illustrate the different physical properties and 
rhieology of different suspending aids and the LMP of the present invention. Specifically^ 
Example 2 is directed to xanthan. Examples 3 and 4 are directed to control examples 
prepared by extracting pectm firom lemon peel and then fi-actionating the pectia to obtain 
NCSP precusor. Examples 5 to 1 4 illustrate the preparation of the low methoxyl amidated 
pectin of tiie present invention by deest^ification and amidation with ammonia. Examples 
1 1 to 14 are directed to amidated pectins (prepared by deesterification and amidation) 
known in the art. Examples 15 and 16 illustrate the preparation of the low methoxyl 
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pectin of the present invention by deesterifying NCSP with acid. Examples 1 7 to 1 9 are 
directed to conventional pectins (prepared by deesterification) known in the art. 

The degree of esterification, degree of amidation, molecular weight, phase 
separation, particle sedimentation, and viscosity at different levels of the resulting 
5 products of Examples 2 to 19, as well as Example 1 (Control Example) are determined 

using known techniques in the art The Rheology evaluation of Examples 1 to 19 is 
conducted using a Haake Rotovisco RV 20 and an RC 20 RheocontroUer computer 
interface, i.e.. Rotational (Steady Shear) Software. The results of Examples 1 to 19 are 
shown in Table 2 below. 
10 Example 2 

Xanthan 
Comparative Example 
Keltrol® xanthan, manu&ctured by NutraSweet Company (500 W. Madison, Suite 
3 1 80, Chicago, IL 60661) w^ obtained and used in this example to evaluate the phase 
1 5 separation, particle sedimentation, and viscosity of xanthan. 

Example 3 
Control Example 

This example is prepared using the same procedures described in Example 1 to 
obtain NCSP precusor. Specifically, 10 kg of dried lemon peel (Argentina) is added to 
20 a 500 liter stirred tank reactor. 500 liters of deionized water is then added to the peel in 

the reactor. 0.8 liter of nitric acid (62 wL% HNO3, Olin Corp., Chemicals Group, 
Norwalk, CT 06856 USA) is further added to the reactor to reach a pH of 0.9 to 1 .2.^ 

Pectin is extracted &om the mixture of lemon peel by heating the mixture with 
slight agitation to 70°C for 3 hours. The extraction mixture is then filtered using vacuum 
25 filtration followed by a vacuum polishing filtration using Celite (Celite Corp., do World 

Minerals Inc. Lompoc, CA 93438 USA). 

The filtrate is eve^jorated using a wiped film evaporator to increase the pectin 
concentration in solution to approximately 1.6% w/w. The pH of the clear filtrate is 
adjusted to 4.0 by the addition of a sodium carbonate solution O^ajCOa, CERAC, 
30 IncJVlilwaukee, WI 53201 1 178 USA). 

lOOOKgofIhe L6%pectinthickjuice is tiien mixed with 1500Kgof IPA/calcium 
solution to produce a mixture composition of 0.9% (w/w) pectin, 6.8% (w/w) IPA and 
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2,000 ppm calcium at pH 4.0. This mixture is allowed to gel. The gel particles are 
separated form the liquid portion using scareens to hold the gel but allow the liquid to pass 
through. The gel phase contains the CSP fraction. The liquid phase contains the desired 
NCSP fraction. The gels are washed over a series of 4 screens with IPA/Calcium mixture 
in a counter-Hyurrent fashion. After washing is completed, the liquid phase is concentrated 
by ev^oration, calcium is removed by ion exchange. Optionally, the dry NCSP precursor 
is isolated by precipitation witii 2 volumes of 60% IPA. In this case, the pectin is belt 
pressed. The pressed pectin is dried and ground. 

Example 4 
Control Example 

This example is prepared using the same procedures described in Example 1 to 
obtain NCSP precusor. 

10 kg of dried lemon peel (Argentina) is added to a 500 liter stirred tank reactor: 
500 liters of deionized water is then added to the peel in the reactor. 0.8 liter of nitric add 
(62 wL% HNO3, Olin Corp., Chemicals Group, Norwalk, CT 06856 USA) is further added 
to the reactor to reach a pH of 0.9 to 1.2. 

Pectin is extracted from the mixture of lemon peel by heating the mixture with 
slight agitation to 70°C for 3 hours. The extraction mixture is then filtered usuig vacuum 
filtration followed by a vacuum polishing filtration using Celite (Celite Corp., c/o World 
Minerals Inc. Lompoc, CA 93438 USA). 

The filtrate is evaporated using a wiped film evaporator to increase the pectin 
concentration in solution to ^proximately 1.6% w/w. The pH of the clear filtrate is 
adjusted to 4.0 by the addition of a sodium carbonate solution (NagCOa, CERAC, 
IncJvfilwaukee, WI 53201 1178 USA). 

1 000 Kg of the 1 .6% pectin thidc juice is then mixed with 1 500 Kg of IPA/calcium 
solution to produce a mixture composition of 0.9% (w/w) pectin, 6.8% (w/w) IPA and 
2,000 ppm calcium at pH 4.0. This mixture is allowed to gel. The gel particles are 
separated form tiie hquid portion using screens to hold the gel but allow the liquid to pass 
through. The gel phase contains the^ CSP fraction. The liquid phase contains the desired 
NCSP fi:actioiL The gels are washed over a series of 4 screens with IPA/C^cium mixture 
in a counter-current fashion. After washing is completed, the liquid phase is concentrated 
by evaporation, calcium is removed by ion exchange. Optionally, the dry NCSP pr^ursor 
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is isolated by precipitation with 2 volumes of 60% IPA. In this case, the pectin is belt 
pressed. The pressed jjectin is dried and ground. 

Example 5 

Low Methoxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
Suspend 200 g of diy NCSP precursor of Example 1 in 1 liter of 70/30 IPA/H2O 
with mixing. The mixture is cooled to 5**C using a thermometer placed in the reaction 
mixture. Add 140 grams of NH4OH (ammonia water, stronger. Baker Chotnical, 28-29%) 
in one batch. Allow the pH to stabilize for 5 minutes. The pH is 12.1. Set the pH 
controller to hold the pH to Avithin ± 0.2 pH units of this pH by controlled addition of 
NfliOH. The reaction is allowed to continue for 1 hour over which time an additional 4.5 
grams of NH4OH is consumed. Ten minutes before the end of the reaction, the agitator 
is turned off to allow the pectin to setde. The supernatant layer is withdrawn with a 
vacuum. 

One Uter of acidified 60/40 IPA/HjOCpH of 60/40 IPA/H2O is adjusted to 1.5- 
2.0 with HNO3, Baker Chemical, 69-70%) is added to the reactor and the agitator is 
restarted. Add additional HNO3 to adjust pH to 3.3-3.6. Allov^r to mix for 1 hour. 
Remove the mixture with a vacuxim. Filter the mixture on a course ftit filter. Wash pectin 
on the filter with 300 - 500 ml. 70/30 WA/HjO for 1 5 minutes, stirring occasionally (EPA, 
99%, HCl East Palls Corporation). Filter on a course fiit filter. 

Repeat the steps of washing and filtering the pectin two additional times with fresh 
70/30 IPA/B2O wash. Stir each wash on the filter occasionally for 5 minutes. Reniove 
pectin to glass ev^orating dish (not aluminum pan). Dry the pectin ovemigiht at SO^C, 
or over weekend at room temperature in the hood followed by 50^C for 3 hrs* 

Example 6 

Low Methoxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
Suspend 200 g of dry NCSP precursor of Example 1 in 1 liter of 70/30 IPA/HjO 
with mixing. The mixture is cooled to S^^C using a thermometer placed in the reaction 
mixture. Add 140 grams ofNH40H (ammonia water, stronger. Baker Ch^iical, 28-29%) 
in one batch. Allow the pH to stabilize for 5 minutes. The pH is 12.1. Set the pH 
controller to hold the pH to within ± 0.2 pH units of this pH by controlled addition of 
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NH4OH. The reaction is allowed to continiie for 1 hoiir over which time an additional 
38:2 grams of NH4OH is consumed. Ten minutes before the end of the reaction, the 
agitator is turned off to allow the pectia to settle. The supernatant layer is withdrawn with 
a vacuum. 

5 One Uter of acidified 60/40 IPA/H2O (pH of 60/40 IPA/H2O is adjusted to 1.5 - 

2.0 with HNO3, Baker Chemical, 69-70%) is added to the reactor and the agitator is 
restarted. Add additional HNO3 to adjust pH to 33-3.6. Allow to mix for 1 hour. 
Remove the mixture with a vacuum. Filter the mixture on a course fdt filter. Washpectin 
on the filter with 300 - 500 ml. 70/30 IPA/H^O for 1 5 minutes, stirring occasionally (EPA, 
10 99%, HCl East Falls Corporation). Filter on a course frit filter. 

Repeat the steps of washing and filtering the pectin two additional times with fi-esh 
70/30 IPA/H2O wash. Stir each wash on the filter occasionally for 5 minutes. Remove 
pectin to glass evaporating dish (not aluminum pan). Dry the pectin overnight at 50**C, 
or over weekend at room temperature in the hood followed by SO^^C for 3 hrs. 
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Example 7 

Low Methoxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
Suspend 200 g of dry NCSP precursor of Example 1 in 1 liter of 70/30 IPA/H2O 
5 with mixing. The mixture is cooled to S^^C using a thermometer placed in the reaction 

mixture. Add 140 grams of NH4OH (ammonia water, stronger. Baker Chemical, 28-29%) 
in one batch. Allow the pH to stabilize for 5 minutes. The pH is 12. L Set the pH 
controller to hold the pH to within ± 0.2 pH units of this pH by controlled addition of 
NH4OH. The reaction is allowed to continue for 1 hour ov^ which time an additional 3.0 
10 grams of NH4OH is consumed. Ten minutes before the end of the reaction, the agitator 

is turned off to allow the pectin to settle. The supernatant layer is witiidrawn with a 
vacuum. 

One liter of acidified 60/40 IPA/H2O (pH of 60/40 IPA/H2O is adjusted to 1.5 
2.0 with HNO3, Baker Chemical, 69-70%) is added to the reactor and the agitator is 
15 restarted. Add additional HNO3 to adjust pH to 3.3-3.6. Allow to mix for 1 hour. 

Remove the mixture with a vacuum. Filter the mixture on a course £dt filter. Washpectin 
on the filter with 300 - 500 ml. 70/30 IPA/HjO for 15 minutes, stirring occasionally (EPA, 
99%, HCI East Falls Corporation). Filter on a course fiit filter. 

Repeat the steps of washing and filtering the pectin two additional times with fiesh 
20 70/30 rPA/HjC^ wash. Stir each wash on the filter occasionaUy for 5 nnnutes. Remove 

pectin to glass evaporating dish (not aluminum pan). Dry the pectin overnight at 50°C, 
or over weekend at room temperature in the hood followed by 50°C for 3 hrs. 

Example 8 

Low Methoxyl Amidated Pectin of tiie Present Invention 
25 Prepared by Deesterification and Amidation 

Suspend 200 gofdryNCSP precursor of Example 1 in 1 liter of 70/30 IPA/H2O 
with mixing. The mixture is cooled to 5**C using a thermometer is placed in the reaction 
mixture. Add 1 80 grams of NH4OH (ammonia water, stronger^ Baker Chemical, 28-29%) 
in one batch. Allow the pH to stabilize for 5 minutes. The pH is 1 1 .95. Set the pH 
30 conlroller to hold the pH to within ± 0.2 pH units by controlled addition of 1SIH40H. The 

reaction is allowed to continue for 3 hours over which time an additional 54.7 grams of 
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NH4OH is consumed. Ten minutes before the end of the reaction, the agitator is turned 
off to allow the pectin to settle. The supernatant layer is withdrawn with a vacuirai. 

One Hter of acidified 60/40 IPA/H2O (pH of 60/40 IPA/HjO is adjusted to L5 - 
2.0 with HNO3, Baker Chemical, 69-70%) is added to the reactor and the agitator is 
5 restarted. Add additional HNO3 to adjust pH to 3.3-3.6. Allow to mix for 1 hour. 

Remove the mixture with a vaciium. Filter the mixture on a course frit jSlter. Washpectin 
on the jBlter with 300 - 500 ml. 70/30 IPA/HjO for 15 minutes, stirring occasionally (IPA, 
99%, HCl East Falls Corporation). Filter on a course ftit filter. 

Repeat the steps of washing and filtering the pectin two additional times wilh fresh 
10 70/30 IPA/H2O wash. Stir each wash on the filter occasionaUy for 5 minutes. Remove 

pectin to glass evaporating dish (not aluminum pan). Dry the pectin overnight at SO'^C, 
or over weekend at room temperature in the hood followed by 50**C for 3 hrs. 

Example? 

Low Methoxyl Amidated Pectin of the Present Invention 

15 Prepared by Deesterification and Amidation 

Suspend 200 g of dry NCSP precursor of Example 1 in 1 liter of 70/30 IPA/H2O 
with mixing. The mixture is cooled to 5*C using a thermometer placed m the reaction 
mixture. Add 160 grams of NH4OH (ammonia water, stronger. Baker Chemical, 28-29%) 
in one batch. Allow the pH to stabilize for 5 minutes to 1 1 .45. Set the pH controller to 

20 hold the pH to within +/- 0.2 pH units by controlled addition of NH4OH. The reaction is 

allowed to continue for 4 hours over which time an additional 1 044 grams of NH4OH is 
consumed. Ten minutes before the end of the reaction, the agitator is turned off to allow 
the pectin to settte. The supernatant layer is withdrawn with a vacuum. 

One Hter of acidified 60/40 IPA/H2O O^H of 60/40 IPA/H2O is adjusted to 1 .5 - 

25 2.0 with HNO3, Baker Chemical, 69-70%) is added to the reactor and the agitator is 

restarted. Add additional HNO3 to adjust pH to 3.3-3:6. Allow to mix for 1 hour. 
Remove the mixture with a vacutmi. Filter the naixture on a coxn^jBrrt filter. Washpectin 
on the filter with 300 - 500 ml. 70/30 XPA/H^O for 15 minutes, stirring occasionaHy (EPA, 
99%, HCl East Falls Corporation). Filter on a course fdt filter. 

50 Repeat the stqps of washmg and filtering the pectin two additional times with firesh 

70/30 IPA/H2O wash. Stir each wash on the filter occasionally for 5 minutes. Remove 
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pectin to glass evaporatiBg dish (not aliHninam pan). Dry tiie pectin overnight at 50°C, 
or over v^reekend at room temperature in the hood followed by 50^C for 3 hrs. 

Example 10 

Low Melhoxyl Amidated Pectin of the Present Invention 
5 Pre5>ared by Deesterification and Amidation 

Snspend200 g of dry NCSP precursor of Example 1 in 1 liter of 70/30 JPA/H^O 
with mixing. The mixture is cooled to 5**C using a thermometer placed in the reaction 
mixture- Add 1 80 grams ofNHiOH (ammonia water, stronger. Baker Chemical, 28-29%) 
in one batch. Allow the pH to stabilize for 5 minutes. The pH is 11.45. Set the pH 

10 controller to hold the pH to within 0.2 pH units by controlled addition of NH4OH. The 

reaction is allowed to continue for 3 hours over which time an additional 36.4 grams of 
NH4OH is consumed. Ten minutes before the end of the reaction, the agitator is turned 
ofiF to allow the pectin to settle. The supernatant layer is withdrawn with a vacuum. 

One liter of acidilBed 60/40 IPAyHaO (pH of 60/40 IPA/H2O is adjusted to 1 .5 - 

15 2.0 with HNO3, Baker Chemical, 69-70%) is added to the reactor and the agitator is 

restarted. Add additional HNO3 to adjust pH to 3.3-3.6. Allow to mix for 1 hour. 
Remove the mixture with a vacuum. Filter the iiaixttire on a course fiit filter, Washpectm 
on the filter with 300 - 500 ml. 70/30 IPA/H2O for 15 minutes, stirring occasionally (IPA, 
99%, HCl East Falls Corporation). Filter on a course fiit filter. 

20 Repeat tiie steps of washing and filtering the pectin two additional times with firesh 

70/30 IPA/HjO wash. Stir each wash on the fiOiter occasionally for 5 minutes. Remove 
pectin to glass evaporating dish (not aluminum pan). Dry the pectin overnight at 50**C, 
or over weekend at room temperature in the hood followed hy 50*^ for 3 hrs. 
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Example 11 

Low Mefhoxyl Amidated Pectin Known in the Art 
Prepared by Deestexification and Aroidation 
LMA pectin. Genu pectin Type LM 101 AS manufactured by Hercules 
5 Incorporated (Wilmington, DE), is used in this example to evaluate the degree of 

esterification, degree of amidation, molecular weight, phase separation, particle 
sedimentation, and viscosity of the LMA pectin. 

Example 12 
Low Methoxyl Amidated Pectin Known in the Art 
Prepared by Deesterification and Aroidation 
LMA pectin. Genu pectin Type LM 102AS manufactured by Hercules 
Incorporated (Wilmingtoii, DE), is used in this example to evaluate the degree of 
esterification, degree of amidation, molecular wei^t, phase separation, particle 
sedimentation, and viscosity of the LMA pectin. 
1^ Example 13 

Low Methoxyl Amidated Pectin Known in tiie Art 
Prepared by Deesterification and Amidation 
LMA pectin. Genu pectin Type LM 103AS manufectm^d by Hercules 
Incorporated (Wilmington, DB), is used in this example to evaluate the degree of 
20 esterification, degree of amidation, molecular weight, phase separation, particle 

sedimentation, and viscosity of the LMA pectin. 

gyample 14 

Low Methoxyl Amidated Pectin Known in the Art 
Prepared by Deesterification and Amidation 
25 LMA pectin. Genu pectin Type LM 104AS manufactured by Hercules 

Incorporated (Wilmington, DE), is used in this example to evaluate the degree of 
esterification, degree of amidation, molecular weight, phase separation, particle 
sedimentation, and viscosity of the LMA pectin. 

Examp le IS 

3P Low Methoxyl Conventional (LMC) Pectin of the Present Invention 

Prepared by Deesterification 



41 



BN3DOC)D:<WO 0196404A2 I > 



DKIO Art 



wo 01/96404 PCT/USOl/18551 

200 grams of dried NCSP precursor of Example 1 is dissolved in 1 0 liters of \?rater. 
The temperature of the pectin solution is adjusted to 50 ""C. This temperature is 
maintained for the duration of the reaction. The pH of the pectin solution is adjusted to 
1 .0 by the addition of nitric acid (62 wt.% HNO3 manufactured by Olin Corp., Chemicals 
Group, Norwalk, CT). This solution is maintained at 50 ''C for 10 hours. No additional 
acid is added during the course of tiie reaction. 

The low methoxy pectin is then isolated from the solution by adding the pectin 
solution to 20 liters of 60% isopropyl alcohol (EPA). The pectin precipitate is pressed on 
a band press to remove excess water and IPA. The pectin press cake is resuspended in an 
additional 20 liters of IPA and mixed. To this mixture, a solution of 1 kg of sodium 
carbonate (NajCOg manufactured by Cerac Inc., Milwaukee, WT) to 4 parts water is added 
in sufficient quantity to achieve apH of the mixture of 5.0 or a final pectin pH of 3.5 when 
measured in a 1% aqueous solution. The neutralized pectin is then belt pressed. The 
press^ pectin is dried and groimd to powder. 

Example 16 

Low Methoxyl Conventional (LMC) Pectin of the Present Invention 
Prepared by Deesterificadon 
This example is prepared using the same procedure as described in Example 15 
with the exception that the solution is mainted at 50 for 1 5 hours instead of 1 0 hours. 

Example 17 

Low Methoxyl Conventional (LMC) Pectia Known in the Art 

Prepared by Deesterification ^ 
LMC pectin. Genu pectin Type LM 12 CG manufectured by Hercules Incorporated 
(Wilmingtoij, DE), is used in this example to evaluate the degree of esterification, degree 
of amidation, molecular weight, phase separatioii, particle sedimentation, and viscosily 
of the LMA pectin* 

Example 18 

Low Methoxyl Conventional (LMC) Pectin Known in the Art 
Prepared by Deesterification 
LMC pectin. Genu pectin Type LM 1 8 CG manufactured by Hercides Incorporated 
(Wilmington, DE), is used in this example to evaluate the degree of esterification, degree 
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of amidation^ moleciilar weight, phase s^aradon, particle sedimentation, and viscosity 
of the LMA pectin. 

Example 19 

Low Methoxyl Conventional (LMC) Pectin Known in the Art 
Prepared by Deesterification 
LMC pectin. Genu pectin Type LM 22 CG manul&ctured by Hercules Incorporated 
(Wilmington, DE), is used in this example to evaluate the degree of esterification, degree 
of atnidation, molecular we^t, phase separation, particle sedimentation, and viscosity 
of the LMA pectin. 
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As shown in Table 2, the low methoxyl anudated pectins and the low methosq^l 

conventional (LMC) pectins of the present invention have properties and rheology similar 
25 to xanthan. Several of Ihe commercially available LMA and LMC types show 

theological behavior consistent with the idealized target and xanthan, but result in phase 

separation^ gel contraction or form a weak gel mass* 

In addition^ Figures 3 and 4 illustrate the theological behavior observed for the low 

methoxyl pectins of the present invention (Examples 15 and 16). As shown. Figures 3 and 
30 4 display classic pseudoplastic behavior similar to the idealized behavior described in 

Figure 2. The test pectin shown in Figure 4, however, shows some thixotropy, or time 

dependent structure recovery. For comparison, the rheological profile of xanthan is shown 

in Figure 5. 

Phase separation in test beverage systems increases as the degree of esterification 
35 of the amidated types increases. However, as shown in Table 2, an ester content of about 
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40% is required before the pectins began to stabilize the particles in the test beverage 
systems (target rheology with little or no osbservable gel contraction). The target 
rheology is evaluated firom Theological evaluations of the pectins in a synthetic beverage 
system with two levels of calcium added (150 and 300 ppm). A strong correlation to the 
idealized rheology seen in Figure 2 is ranked with while samples which display 
rheological behavior far firom the idealized rheology are ranked with - or This 
evaluation is done to rapidly screen numerous test pectm samples before more rigorous 
evaluations are conducted. 



Examples 20 to 24 provided below illustrate the different yield poiat and low shear 
viscosity of the LMP of the present invention and xantfaan. The yield point and low shear 
viscosity is measured using any known technique m the art. The results of Examples 20 
to 24 are shown in Table 3 below. 

Example 20 

Low Methoxyl Pectin of the Present Invention 
Prepared by Deesterification 
The low methoxyl pectin of this example is the prepared using in the same 
procedures described in Example 15 above. 

This low methoxyl pectin is used to evaluate the yield point and low shear 
viscosity of the pectin. 
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Example 21 

Low Methoxyl Pectin of the Present Invention 
Prepared by Deesterification 
The low methoxyl pectm of this example is the prepared using in the same 
5 procedures described in Example 16 above. 

This low metfioxyl pectin is used to evaluate the yield point and low shear 
viscosity of the pectin. 

Example 22 

Low Methoxyl Anoddated Pectin of the Present Invention 
1 0 Prepared by Deesterification and Amidation 

The low methoxyl amidated pectin of this example is the prepared tjsing in the 
same procedures described in Example 7 above. 

This low methoxyl an^iidated pectin is used to evaluate the yield point and low 
shear viscosity of the pectin. 
15 Example 23 

Low Methoxyl Anddated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
The low methoxyl amidated pectin of this example is the prepared using in the 
same procedures described in Example 6 above. 
20 This low methoxyl amidated pectin is used to evaluate the yield point and low 

shear viscosity of the pectin. 

Example 24 

Xanthan 

Thexanthan used in this example is the same xanthan used inRsample 2 above, 
25 Keltrol manufactured by NutraSweet Company (Chicago, XL). 

This xanthan is used to evaluate the yield point and low shear viscosity of the 
xanthan. 

Tables 
Yield Point Data 



46 



USISDOCID: <WO 0196404A2 I > 



5 



wo 01/96404 




JrC l/UiSUi/ioSSl 


Example No. 


Yield Point 


Low Shear Viscosity * 




(Pa) 


(cPs.) 


20 


0.38 


1200 


21 


0.21 


1800 


22 


0.03 


400 


23 


0.03 


400 


24 


0.65 


800 


♦measured at 0.04 s"' 



Table 3 above illustrates the yield point data determined by the Bingham 
extrapolation method. As can be seen, the two conventional pectin types have both higher 
yield points and higher low shear viscosity than the amidated types prepared. 
Interestingly, all of the pectin samples have yield points less than the xanthan control 
samples tested, while xanthan has a low shear viscosity falling between the conventional 
and the amidated pectins. This may partly explain the improved organoleptic perception 
the pectin samples have in beverage applications when compared to xanthan. 



Examples 25 to 34 provided below illustrate the different degree of esterification, 
degree of amidation, and particle sedimentation of beverages containing suspension aids 
known in the art and LMP of the present invention. The degree of esterification, degree 
of amidation, and particle sedimentation are measured by any known technique in the art 
20 The results of Examples 25 to 34 are shown in Table 5 below. 

In Examples 25 to 34, particle sedimentation is evaluated by placing samples of 
beverages, to vrfiich the test pectins are added, into 15 cm screw capped tubes. The tubes 
are allowed to stand refiigerated for four weeks. At that point, the height of the clear 
liquid column above the particle suspension layer is measured. A percent particle 
25 sedimentation is calculated by dividing the height of the clear layer by the total height of 

the liquid in the tube (clear + pulp suspended). 

The ingredients used to prepare the beverages are shown m Table 4 below. 

Table 4 
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Ingredient 


Amount 
(gorml) 


Deionized water 


166.97 g 


Test pectin or xanthan 


0,2 g 


Sucrose 


24 g 


Calcium 


833 ml 


Citric acid 


0.5 g 


1. 6000 ppm stock solution prepared with CaClj *2H20 

2. 50% citric acid stock solution 



The procedure for preparing the synthetic beverage is described below* 

Heat water to 90**C. Add pectin slowly to hot water while mixing with Silverson 

mixer. Add sugar to the mixture while mixing. Add calcium solution to the mixture 

while mixing. Adjust the pH of the solution to 3.0 with additional citric acid as needed. 

Pour hot solution into a suitable container. Cool to room temperature. Refiigerate as 

needed. 

Particle sedimentation is evaluated by pladng samples of coimnercially available 
juice based beverages, to which the test pectins are added, into 15 cm screw capped tubes. 
Examples of such beverages which contain insoluble particles include Frutopia Strawberry 
Passion, Libby Juicy Juice, Ocean Spray Orange Juice, Ocean Spray Ruby Red Grapefruit 
Juice, Snapple Island Cocktail, and Tropicana Twister. 

Solutions of the test pectins are prepared and added to the beverages to achieve a 
final concentration of 0.1 wL%. The tubes are allowed to stand refrigerated for four 
weeks. At that point, the height of the clear liquid column above the particle 
suspension/phase separation layer is measured. A percent contraction is calculated by 
dividing the height of the clear layer by the total height of the Uquid in the tube (clear + 
pulp suspended). 

Example 25 
Control Bxample 

The NCSP used in tins example is prepared using the procedures of Example 1 

above. 
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NCSP is used to evaluate degree of esterificatiou, degree of amid^oix, and particle 
sedimeartation prevention effect of the NCSP. 

Example 26 
Xanthan 

5 The xanthan used in this example is the same xanthan used in Example 2 above, 

Keltrol manu&ctured by NutraSweet Company (Chicago, BL). 

Xanthan is used to evaluate degree of esterification, degree of amidation, and 
particle sedimentation of the xanthan. 

Example 27 

1 0 Low Methoxyl Anudated Pectin of the Present Invention 

Prepared by DeesteriJBcation and Amidation 
The low methoxyl amidated pectin of this example is the prepared using in the 
same procedures described in Example 6 above. 

This low methoxyl amidated pectin is used to evaluate degree of esterification, 
15 degree of anoidation, and particle sedimentation of the pectin. 

Example 28 

Low Methoxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
The low methoxyl amidated pectin of this example is the prepared using in the 
20 same procedums described in Example 7 above. 

This low methoxyl amidated pectin is used to evaluate degree of esterification, 
degree of amidation, and particle sedimentation of the pectin. 
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Example 29 

Low Methoxyl Amidated Pectin Known in the Art 
Prepared by Deesterification and Amidation 
The low methoxyl ajooidated pectin of this example is the same as the pectin 
5 described in Example 1 4 above. 

This low methoxyl amidated pectin. Genu pectin Type LM 1 04AS manufactured 
by Hercules Incozporated (Wilmington, DE), is used to evaluate degree of esterification, 
degree of amidation;^ and particle sedimentation of the pectin. 

Example 30 

10 Low Methoxyl Amidated Pectin Known in the Art 

Prepared by Deesterification and Amidation 
The low methoxyl amidated pectin of this example is the same as the pectin 
described in Example 1 1 above. 

This low methoxyl amidated pectin. Genu pectin Type LM 1 01 AS maztufactured 
15 by Hercules Incorporated (Wilmic^n, DE), is used to evaluate degree of esterification, 

degree of amidation, and particle sedimentation of the pectin. 

Example 31 
Low Methoxyl Conventional (LMC) Pectin 
of the Present Invention Prepared by Deesterification 
20 The low methoxyl pectin of this example is the prepared using in the same 

procedures described in Example 15 above. 

This low metho:?iyl conventional pectin is used to evaluate degree of esterification, 
degree of amidation, and particle sedimentation of the pectin. 
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Example 32 

Low Methoxyl Conventional (LMC) Pectin 
of the Present Invention Prepared by Deesterification 
The low methoxyl pectin of this example is prepared using in the same procedures 
5 described in Example 16 above. 

The low methoxyl pectin is used to evaluate degree of esterification, degree of 
amidation, and particle sedimentation of the pectin. 

Example 33 

Low Methoxyl Conventional (LMQ Pectin Known in the Art 
1 0 Prepared by Deesterification 

The low methoxyl pectin of this example is the same as the pectin described in 
Example 18 above. 

This low methoxyl pectin. Genu pectin Type LM 18 CG manufactured by 
Hercules Incorporated (Wilmington, DE), is used to evaluate degree of esterification, 
15 degree of amidation, and particle sedimentation of the pectin. 

Example 34 

Low Methoxyl Conventional (LMC) Known in the Art 
Prepared by Deesterification 
The low methoxyl pectin of this example is the same as the pectin described in 
20 Example 19 above. 

This low metihoxyl pectin. Genu pectin Type LM 12 CG manufactured by 
Hercules Incorporated (Wihnington, DE), is used to evaluate degree of esterification, 
degree of amidation, and particle sedimentation of the pectin. 
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Tables 



Example No. 


DE 


DA 


Particle sedimentation 




(%) 


(%) 


(%) 


25 




n/a 


91.2 


26 


n/a 


n/a 


0 


27 


51.3 


20.8 


3.0 


28 


40.9 


4.7 


10.3 


29 


30.0 


20.0 


64.9 


30 


35.0 


25.0 


45.8 


31 


40.2 


0.0 


7.0 


32 


23.5 


0.0 


17.5 


33 


40.0 


0.0 


70.2 


34 


30.0 


0.0 


40.4 





As shown sten in Table 5, the pectins of the present invention are far supmor to 
standard commercial pectin types evaluated with similar DE and DA values. In addition, 
15 the pectins of the present invention approach the value of xantiian^ for which there is 

substantially no observable particle sedimentation. 

Examples 35 to 39 provided below illustrate the dil^r^t viscosity at various she^ 
rate of the LMP of the present invention and xanthan. The viscosity is measured as 
20 described above in the Example sectioiu The results of Examples 35 to 39 are shown in 

Table 6 below. 



I 
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Example 35 

Low Methoxyl Conventional (LMC) Pectin of the Present Invention 
Prepared by Deesterification 
The low methoxyl pectin of this example is the prepared using the same 
procedures described in Example 15 above. 

This low methoxyl pectin is used to evaluate the viscosity at various shear rate as 
shown in Table 6. 

Example 36 

Low Methoxyl Conventional OLMC) Pectin of the Present Invention 
Prepared by Deesterification 
The low methoxyl content pectin of this example is the prepared using the same 
procedures described in Example 16 above. 

The viscosity of the low methoxyl pectin is evaluated the at various idiear rates as 
shown in Table 6. 

Example 37 

Low Methoxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
The low methoxyl amidated pectin of this example is the prepared using the same 
procedures described in Example 7 above. 

The low methoxyl amidated pectin is used to evaluate the viscosity at vmious 
shear mte as shown in Table 6. 

Example 38 

Low Methoxyl Amidated Pectin of the Present Invearxtion 
Prepared by Deesterification and Amidation 
The low methoxyl amidated pectin of this example is the prepared using the same 
procedures described in Example 6 above. 

This methoxyl amidated pectin is used to evaluate the viscosity at various shear 
rate as shown in Table 6. 

Example 39 

Xanthan 

The xanthan used in this example is the same xanthan used in Example 2 above, 
Keltrol manufactured by NutraSweet Company (Chicago, IL). 
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This xanthan is used to evaluate the viscosity at various shear rate as shovm in 
Table 6. 



Table 6 



Sam]de 


Shear Rate = 50 s-' 


Shear Rate = 100 S"' 


Viscosity 
(CPs) 


% reduction 
compared to 
Xanthan 


Viscosity 
(CPs) 


% reduction 
compared to 
Xanthan 


35 (LMC) 


10.0 


23.1 


7.0 


46.1 


36 (LMC) 


7.5 


42.3 


5.5 


57.7 


37(LMA) 


3.0 


76.9 


2.5 


80.8 


38(LMA) 


2.5 


80.8 


2.0 


84.5 


39 (Xaathan) 


13.0 


n/a 


9.0 


n/a 



Also» as shown in Table 6, the shear rates^ at winch fhe pectins of the present 
invention cover the range of 50 to 100 sr\ are typically associated with the mechanical 
action of eating, chewing, drinking, and swallowing. 

A tjrpical viscosity vs. shear rate plot is depicted in Figure 6 with 50 to 100 s"^ 
indicated. 

The data in Table 6 below shows that the pectins of the present invention have a 
viscosity 23.1% to 80.8% lower than xanthan at 50 s and 46.1% to 84.5% lower dhan 
xanthan at 100 s^^ 



The preceding examples can be repeated by substituting the generically and 
specifically described constituents and/or operating conditions of this invention for those 
nsed in the preceding examples. From the foregoing descriptions, one skilled in the art 
can easily ascertain the essential characteristics of this invention, and without departing 
firom the spirit and scope thereof, can make various changes and modifications of the 
invention to adapt to various usages and conditions. 
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What is claimed is ; 

1. A law mefhoxyl pectin displaying pseudoplasticity and substantially no 
phase separation in aqueous solution comprising at least one polyvalent cation. 

2. The low methoxyl pectin of Claim 1 , wherein the amount of polyvalent ion 
5 is from about 1 0 ppm to about 1 ,000 ppm, and wherem the polyvalent is selected from one 

of aluminum ions, iron ions, manganese ions, calcium ions, and manganese ions. 

3. The low methoxyl pectin of Claim 2, wherein fee polyvalent is calcium 
ion, and wherein the amount of calcium ion is from about 50 ppm to about 500 ppm. 

4. The low methoxyl pectin of Claim 3, wherein the amoimt of calcium ion 
30 is from about 200 ppm to about 300 ppm. 

5. The low methoxyl pectin of Claim 2, wherein the amoimt of phase 
separation in the aqueous solution is at most about 1 0%. 

6. The low methoxyl pectin of Claim 5, wherein the amount of phase 
separation in the aqueous solution is at most about 3%. 

35 7- A low methoxyl pectin displayiug pseudoplasticity and substantially no 

particle sedimentation in aqueous solution comprising at least one polyvalent cation, 

wherein the polyvalent is selected from one of aluminum ions, iron ions, 
manganese ions, calcium ions, and manganese ions, 

whereLu the amount of polyvalent ion is from about 1 0 ppm to about 1 ,000 ppm, 
^0 whCTein the amount of particle sedimentation in the aqueous solution is at most 

about 10%. 

8. The low methoxyl pectin of Claim 7 whereiu the polyvalent is calcium ion 
in the amount of from about 20 ppm to about 300 ppm, and wherein the amount of particle 
sedimentation in the aqueous solution is at most about 3%. 
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9. The low melhoxyl pectin of Claim 1 having a degree of esterificadon from 
about 20 to 50%. 



1 0 The low methoxyl pectin of Claim 9 having a degree of esterification from 
about 24 to 40%. 

5 11. The low methoxyl pectin ofClaim 9 having a molecular weight from about 

60 to 150 kDalton. 

12. The low methoxyl pectin of Claim 1 1 having a molecular weight from 
about 80 to 100 kDalton. 

1 3 . The low metho3cyl pectin of Claim 1 1 having a viscosity of at least about 
10 300 cPs at a shear rate of about 0.04 s"^cPs. 

14. The low methoxyl pectin of Claim 13 having a viscosity from about 800 
to 1,200 cPs at a shear rate of about 0.04 ^"^cPs. 

15. The low methoxyl pectin of Claim 13 having a viscosity from about 1 to 
20 cPs at a shear rate of about 50 s'^cPs. 

15 16. The low methoxyl pectin of Claim 15 having a viscosity from about 2 to 

10 cPs at a shear rate of about 50 s'^cPs. 

17. The low methoxyl pectin of Claim 13 having a viscosity from about 1 to 
1 5 cPs at a shear rate of about 1 00 s'^cPs. 

18. The low methoxyl pectin of Claim 1 7 having a viscosity from about 2 to 
20 7 cPs at a shear rate of about 1 00 s'^cPs. 

1 9. The low melhoxyl pectin of Claim 1 7 wherein the low methoxyl pectin is 
a powder form. 
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20. The low methoxyl pectin of Claim 1 7 wherein the low methoxyl pectin is 
an aqueous form which has a pH from about 2 to 6. 



21 . Hie low methoxyl pectin of Claim 9 having a degree of amidation from 
about 1 to 30%. 

5 22. The low methoxyl pectin of Claim 2 1 having a degree of amidation from 

about 4 to 21%. 

23. The low methoxyl pectin of Claim 9 having a degree of esterification from 
about 30 to 55%. 

24. The low methoxyl pectin of Claim 23 having a degree of esterification 
10 froEaabout40to52%. 

25. Hie low methoxyl pectin of Claim 23 having a degree of amidation from 
about 1 to 30%. 

26. The low methoxyl pectin of Claim 25 having a degree of amidation from 
about 4 to 21%. 

15 27. The low methoxyl pectin of Claim 25 having a molecular wei^t from 

about 60 to 150 kDalton. 

28. The low methoxyl pectin of Claim 27 having a molecular weight from 
about 80 to 100 IdOalton. 

29. The low methoxyl pectin of Claim 27 having a viscosity of at least about 
20 300 cPs at a shear rate of about 0.04 s*\ 

30. The low methoxyl pectin of Claim 29 having a viscosity fiom about 800 
to 1,200 cPs at a shear rate of about 0.04 s'K 
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3 1 . The low methoxyl pectin of Claim 29 having a viscosity from about 1 to 
20 cPs at a shear rate of about 50 s'^. 



32. The low methoxyl pectin of Claim 3 1 having a viscosity from about 2 to 
10 cPs at a shear rate of about 50 s"^ 

33 . The low methoxyl pectin of Claim 3 1 having a viscosity from about 1 to 
15 cPs at a shear rate of about 100 s'** 

34. The low methoxyl pectin of Claim 33 having a viscosity from about 2 to 
7 cPs at a shear rate of about 100 s"^ 

35 . The low methoxyl pectin of Claim 33 vs^erein the low methoxyl pectin is 
inapowderform. 

36. The low methoxyl pectin of Claim 33 wherein the low methoxyl pectin is 
in an aqueous form which has a pH from about 2 to 6 . 

37. A process for preparing a low methoxyl pectin displaying pseudoplasticity 
and substantially no phase separation in aqueous solution which comprises treating a 
pectin starting material having a degree of esterification of greater than about 60% to 
obtain at least a non-calcium sensitive pectin fraction, wherein the aqueous solution 
comprises at least one polyvalent cation. 

38. The process of Claim 37, wherein the amount of polyvalent ion is from 
about 10 ppm to about 1,000 ppm, and v^iierein the poljrvalent is selected from one of 
alimiinum ions, iron ions, manganese ions, calcium ions, and manganese ions. 

39. The process of Claim 38, wherein the polyvalent is calcium ion, and 
whereiti the amotmt of calcium ion is &om about 50 ppm to about 500 ppm. 
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40. The process of Claim 39, wherein the amoimt of calcium ion is from about 
200 ppm to about 300 ppm. 

41. The process of claim 38, wherein the amount of phase separation in the 
aqueous solution is at most about 10%. 

5 42. The process of claim 40, wherein the amount of phase separation in the 

aqueous solution is at most about 3%. 

43. A process for preparing a low methoxyl pectin displaying pseudoplasticity 
and substantially no particle sedimentation in aqueous solution which comprises treating 
a pectin starting material having a degree of esterification of greater than about 60% to 

10 obtain at least a non-calcium sensitive pectin fraction, 

wherein the aqueous solution comprises at least one polyvalent cation selected 
from one of aluminum ions, iron ions, manganese ions^ calciimi ions, and manganese ions» 
\^4lerein the amoimt of polyvalent ion is from about 10 ppm to about 1,000 ppro, 
and wherein the amount of particle sedimentation in the aqueous solution is at most 
15 about 10%. 

44. .The process of Claim 43 wherein the polyvalent is calcium ion in the 
amount of from about 20 ppm to about 300 ppm, and wherein the amount of particle 
sedimentation in the aqueous solution is at most about 3%. 

45- The process of Claim 37 herein the non-<^cium sensitive pectin is 
20 prepared by treating a pectin starting material having a degree of esterification of greater 

llian about 60% with a cation-containing preparation and an enzyme to obtain the non- 
calcium sensitive pectin fraction. 

46. The process of Claim 37 wherein the non-calcium sensitive pectin is 
prepared by (a) treating a pectin starting material having a degree of esterification of 
25 greater than about 60% with an enzyme; or (b) reesterifying the calcium sensitive pectin 

fraction to obtain the non-calcium sensitive pectin fraction. 
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47. The process of Claim 37 wherein the non-calcium sensitive pectin is 
prepared by: 

(a) treating a pectin starting material having a degree of esterification of 
greater than about 60% Avith a cation-containing preparation to obtain at least a non- 
calcium sen^tive pectin fraction and a calcium sensitive pectin fraction; 

(b) separating the non-calcium sensitive pectin fraction from the calcium 
sensitive pectin fraction; and 

(c) deesterifyiDg or deesterifying and amidating the non-calcium sensitive 
pectin fraction to obtain the low methoxyl pectin. 

48. The process of Claim 37 v^erein the pectin starting material has a degree 
of esteriScation which is at least about 60%. 

49. The process of Claim 48 \is^erein the pectin starting material has a degree 
of esterification which is at least about 70%. 

50. The process of Claim 48 \?^erein the pectin starting material is obtained 
from at least one of citrus peels, apple juices, apple ciders, apple pomace, sugar beets, 
sunflower heads, vegetables or waste products from plants selected from at least one of 
^ples, sugar beet, sunflower and citrus fruits. 

51. The process of Claim 50 wherein the pectin starting material is obtained 
from at least one of limes, lemons, grapefruits, and oranges. 

52. The process of Claim 47 prepared by deesterifying or deesterifying and 
amidating a non-calcium sensitive pectin to obtain the low methoxyl pectin. 

53 . The process of Claim 52 prepared by deesterifying a non-calcium sensitive 
pectin to obtain the low methoxyl pectin. 
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54* The process of Claim 53 wherein the non-calcixun sensitive pectin is 
deesterified with an acid in a random fashion to obtain the low mefhoxyl pectin. 



55. The process of Claim 54 wherein the acid is at least one of nitric, 
hydrochloric, and sulflmc. 

5 56. The process of Claim 54 wherein the degree esterification of the low 

mefhoxyl pectin is from about 20 to 55%. 

57. The process of Claim 56 wherehi the degree esterification of the low 
methoxyl pectin is from about 24 to 40%. 

58. The process of Claim 52 prepared by deesterifying and amidating a non- 
10 calcium sensitive pectin to obtain the low methoxyl pectin. 

59. The process of Claim 58 prepared by deesterifying and amidating a non- 
calcium sensitive pectin with a base in a random fashion to obtain the low mefhoxyl 
pectin. 

60. The process of Claim 59 wherein the base is at least one of sodium 
15 hydroxide and ammonia. 

6L The process of Claim 59 wherein the degree esterification of the low 
meflioxyl pectin is from about 30 to 55%. 

62. The process of Claim 61 wherem the degree esterification of the low 
methojqrl pectin is from about 40 to 52%. 

20 63. The process of Claim 61 whereia the degree amidation of the low methoxyl 

pectin is from about 1 to 30%. 
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64. The process of Claim 63 wherein the degree amidation of the low mefhoxyl 
pectin is from about 4 to 21%. 

65 . The process of Claim 52 wherein the low methoxyl pectin is a powder form 
5 or aqueous form. 

66. The process of Claim 52 wherein the low mefhoxyl pectin has a molecular 
weight from about 60 to 1 50 kDalton. 

67. The pit)cess of Claim 64 wherein the low mefhoxyl pectin has a molecular 
weight from about 80 to 1 00 kDalton. 

10 68. The process of Claim 64 wherein the low methoxyl pectin has a viscosity 

of at least about 300 cPs at a shear rate of about 0.04 s'K 

69. The process of Claim 68 wherein the low methoxyl pectin has a viscosity 
from about 800 to 1^00 cPs at a shear rate of about 0.04 s'^ 

70. The process of Claim 68 wherein the low methoxyl pectin has a viscosity 
15 from about 1 to 20 cPs at a shear rate of about 50 s"^ 

71 . The process of Claim 70 wherein the low methoxyl pectin has a viscosity 
from about 2 to 10 cPs at a shear rate of about 50 s"^- 

72. The process of Claim 70 vsdieanebi the low methoxyl pectin has a viscosity 
from about 1 to 15 cPs at a shear mte of about 100 

20 73 . The process of Claim 72 wherein the low methoxyl pectin has a viscosity 

from about 2 to 7 cPs at a shear rate of about 100 s'^. 



62 



BNSDOCID: <WO 0196404A2 r > 



BNf; naoR M 



1 



wo 01/96404 PCTAJSOl/18551 

74. The process of Claim 52 wherein the non-calciiim sensitive pectin fraction 
has a degree of esterification that is at least about 1% and at most about 15% higher than 
the degree of esterification of the starting material. 

75. The process of Claim 74 wherein the nonKialcium sensitive pectin fraction 
5 has a degree of esterification that is at least about 7% and at most about 15% higher than 

the degree of esterification of the starting matenal. 

76. A process for stabili2ing insoluble components in an aqueous system which 
comprises adding a low methoxyl pectin to an aqueous system, v^dierein the low methoxyl 

10 pectin displays pseudoplasticity and substantially no phase separation in aqueous solution, 

and \?sdierein the aqueous solution comprises at least one polyvalent cation. 

77. The process of Claim 76, wherein the amoimt of polyvalent ion is from 
about 10 ppm to about 1,000 ppm, and wherein the poljrvalent is selected from one of 
aluminum ions, iron ions, manganese ions, calcium ions, and manganese ions. 

15 78. The process of Claim 77, wherein the poljrvalent is calcium ion, and 

wherein the amount of calciimi ion is from about 50 ppm to about 500 ppm. 

79. The process of Claim 78, wherein the amount of calcium ion is fix)m about 
200 ppm to about 300 ppm. ^ 

80. The process of claim 77, wherein the amount of phase separation in the 
20 aqueous solution is at most about 10%. 

81 . The process of claim 80, wherein the amount of phase separation in the 
aqueous solution is at most about 3%. 

82. A process for stabilizing insoluble components in an aqueous system which 
comprises adding a low mefhosy 1 pectin to an aqueous system, wherein the low methoxyl 
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pectin displays pseudoplasticity and substantially no particle sedimentation in aqueous 
solution^ 

wherein the aqueous solution comprises at least one polyvalent cation selected 
firom one of aluminum ions, iron ions, manganese ions, calcium ions, and manganese ions, 

wherein the amount of polyvalent ion is from about 1 0 ppm to about 1 ,000 ppm, 
and wherdn the amount of particle sedimentation in the aqueous solution is at most 
about 10%. 

83. The process of Claim 82 wherein the polyvalent is calciimi ion in the 
amount of from about 20 ppm to about 300 ppm, and wherein the amount of particle 
sedimentation in the aqueous solution is at most about 3%. 

84. The process of Claim 76 ftirther comprises adding a food, or cosmetic or 
pharmaceutical product to the aqueous system. 

85. The process of Claim 84 wherein the lowmethoxylpectuihas amolecular 
weight from about 60 to 150 kDalton. 

86. The process of Claim 85 wherein the low methoxyl pectin has a molecular 
weight from about 80 to 100 kDalton. 

87. The process of Claim 85 \rfiea:dn tihie low methoxyl pectin has a viscosity 
ofat least about 300 cPs at a shear rate of about 0.04 s"** 

88. The process of Claim 87 ^erdn the low methoxyl pectin has a viscosity 
from about 800 to about 1,200 cPs at a shear rate of about 0.04 sr^ 

89. The process of Claim 87 wherein the low methoxyl pectin has a viscosity 
from about 1 to 20 cPs at a shear rate of about 50 s*^ 

90. The process of Claim 89 wherein the low meflioxyl pectin has a viscosity 
from about 2 to 10 cPs at a shear rate of about 50 s"^ 
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91 . TTie process of Claim 89 wherein the low methoxyl pectin has a viscosity 
from about 1 to 15 cPs at a shear rate of about 100 s'\ 

92. The process of Claim 91 wherein the low methoxyl pectin has a viscosity 
from about to 7 cPs at a shear rate of about 100 s ^ 

5 93 . The process of Claim 91 wherein the low methoxyl pectin is prepared from 

a non-calcium sensitive pectin. 

94. The process of Claim 93 wherein the low methoxyl pectin is prepared by 
deesteriiying or deesterifying and amidatmg a non-calcium sensitive pectin. 

95. The process of Claim 94 wherein the low methoxyl pectin is prepared by 
10 deesterifying a non-calcium sensitive pectin. 

96. The process of Claim 95 herein the non-calcium sensitive pectin is 
deesterified with an acid in a random fashion. 

97. The process of Claim 96 v^erein the acid is at least one of nitric, 
hydrochloric, sulfuric, preferably nitric and hydrochloric. 

15 98. The process of Claim 96 wfa^in the degree esterification of the low 

methoxyl pectin is from about 20 to 55%. 

99. The process of Claim 98 whCTcin the degree esteritfication of the low 
methoxyl pectin is from about 24 to 40%. 

1 00. The process of Claim 94 prepared by deesterifying and amidating a non- 
20 calcium sensitive pectin. 

101. The process of Claim 100 prepared by deesterifying and amidating a non- 
calcium sensitive pectin with a base in a random fashion. 
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102. The process of Claim 102 wherein the base is at least one of sodium 
hydroxide and ammonia. 



103. The process of Claim 94 wherein the degree esterification of the low 
methoxyl pectin is from about 30 to 55%. 

5 104. The process of Claim 103 wherein the degree esterification of the low 

methoxyl pectin is from about 40 to 52%. 

105. The process of Claim 103 wherein the degree amidation of Hie low 
methoxyl pectin is from about 1 to 30%. 

106. The process of Claim 105 wherein the d^ee amidation of the low 
10 methoxyl pectin is from about 4 to 21%. 

107. The process of Claim 105 vAi&roin the pH of the aqueous system is from 
about 2.5 to 5. 

1 08. The process of Claim 1 07 wherein the pH of the aqueous system is from 
about 3 to 5. 

15 109. The process of Claim 107 wherein the low methoxyl pectin is in apowder 

form or aqueous form. 

110. The process of Claim 76 wherein the low methoxyl pectin displays 
pseudoplasticity and substantially no phase separation in aqueous solution which 
comprises treating a pectin starting material having a degree of esterification of greater 

20 than about 60% to obtain at least a non-calcium sensitive pectin firaction. 

111. The process of Claim 76 wherein the non-calcium sensitive pectin is 
prepared by treating a pectin starting material having a degree of esterification of greater 
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ihan about 60% with a cation-contaiimig preparation and an enzyme to obtain the non- 
calcium sensitive pectin fraction. 



1 12. The process of Claim 76 wherein the no^-calcium sensitive pectin is 
prepared by (a) treating a pectin starting material having a degree of esterification of 

5 greater than about 60% with an enzyme; or (b) reesterifying the calcium sensitive pectin 

fraction to obtain the non-calcium sensitive pectin fraction. 

113. The process of Claim 76 wherein the non-calcium sensitive pectin is 
prepared by the steps which comprise: 

(a) treating a pectin startiag material having a degree of esterification of 
10 greater than about 60% with a cation-containing preparation to obtain at least a non- 
calcium sensitive pectin fraction and a calcium sensitive pectin fraction; 

(b) separating the non-calcium SCTisitive pectin fraction from the calcium 
sensitive pectin fraction; and 

(c) deesterifying or deesterifying and amidating the non-calcium sensitive 
15 pectin fraction to obtain the low methoxyl pectin. 

114- The process of Claim 113 wherein the pectin starting material has a degree 
of esterification which is at least about 60%. 

1 15. The process of Claim 1 14 whCTein the pectin starting material has a degree 
20 of esterification vMch is at least about 70%. 

116. The process of Claim 115 wherein the pectin starting material is obtained 
from at least one of citrus peels, apple juices, apple ciders, apple pomade, sugar beets, 
sunflower heads, vegetables or waste products from plants selected from at least one of 

25 apples, sugar beet, sunflower and citrus fruits. 

117. The process of Claim 116 whereiu the pectin starting material is obtained 
from at least one of limes, lemons, grapefruits, and oranges. 
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118. A Stabilized aqueous system containing a lowmeflioxyl pectin that displays 
pseudoplasticity and substantially no phase separation in aqueous solution comprising at 
least one polyvalent cation. 

119. The stabilized aqueous system of Claim 118, wherein the amount of 
5 poljrvalent ion is from about 1 0 ppm to about 1 ,000 ppm, and wh^ein Hie polyvalent is 

selected from one of aluminum ions, iron ions, manganese ions, calcium ions, and 
manganese ions. 



120. The stabilized aqueous system of Claim 119, wherein the polyvalent is 
calcium ion, and wherein the amoimt of calcium ion is from about 50 ppm to about 500 

10 ppm. 

121. The stabilized aqueous system of Claim 120, wherein the amount of 
calcium ion is from about 200 ppm to about 300 ppm. 

122. The stabilized aqueous system of claim 1 19, wherein the amount of phase 
separation in the aqueous solution is at most about 10%. 

15 123 . The stabilized aqueous system of claim 122, wherein the amount of phase 

separation in the aqueous solution is at most about 3%. 

124. A stabilized aqueous systCTa containing a low methoxyl pectin that 
displays pseudoplasticity and substantially no particle sedimentation in aqueous solution 
comprising at least one poljrv^alent cation, 
20 wherein the aqueous solution comprises at least one polyvalent cation selected 

from one of aluminum ions, iron ions, manganese ions, calcium ions, and manganese ions, 
wherein the amount of polyvalent ion is from about 10 ppm to about 1,000 ppm, 
and wherdn the amount of particle sedimentation in the aqueous solution is at most 
about 10%. 
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125. The stabilized aqueous system of Claim 124 wherein the polyvalent is 
calcium ion in the amount of from about 20 ppm to about 300 ppm, and wherein the 
amount of particle sedimentation in the aqueous solution is at most about 3%. 

126. The stabilized aqueous system of Qaim 118 wherein the pH of the aqueous 
5 system is from about 2.5 to 5. 

127. The stabilized aqueous system of Claim 126 wherein the pH of the aqueous 
system is from about 3 to 5. 

128. The stabilized aqueous system of Claim 126 wherein the degree of 
esterification is from about 20 to 55%. 

129. The stabilized aqueous system of Claim 128 wherein the degree of 
amidation esterijBcation is from about 4 to 21%. 

130. The stabilized aqueous system of Claim 128 wherein the low methoxyl 
pectin has a molecular weight from about 60 to 150 kDalton. 

131. The stabilized aqueous system of Claim 130 wherein the low methoxyl 
i5 pectin has a viscosity of at least about 300 cPs at a shear rate of about 0.04 s"^ . 

132. The stabilized aqueous system of Claim 131 wherein the low methoxyl 
pectin has a viscosity from about 1 to 20 cPs at a shear rate of about 50 s ^ 

133. The stabilized aqueous system of Claim 132 wherein the low methoxyl 
pectin has a viscosity from about 1 to 15 cPs at a shear rate of about 100 s ^ 

20 134. The stabilized aqueous system of Claim 133 wherein the low methoxyl 

pectin is a powder form or aqueous form. 

135. The stabilized aqueous system of Claim 134 wherein the total amouint of 
pectin in the aqueous system is from about 0.01 to 0.3 % by dry weight 

136. The stabilized aqueous system of Claim 135 wherein the total amount of 
25 pectin in the aqueous system is from about 0.01 to 0.2 % by dry weight 

1 37. The stabilized aqueous system of Claim 136 wherein fee aqueous system 
coniprises at least one of food product, cosmetic product^ and pharmaceutical product 
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